The effect of polyethylene glycol on shellac stability by Khairuddin, et al.
The effect of polyethylene glycol on shellac stability
KHAIRUDDIN, , PRAMONO, Edi, UTOMO, Suryadi Budi, WULANDARI, Viki, 
A'AN ZAHROTUL, W and CLEGG, Francis
Available from Sheffield Hallam University Research Archive (SHURA) at:
http://shura.shu.ac.uk/13404/
This document is the author deposited version.  You are advised to consult the 
publisher's version if you wish to cite from it.
Published version
KHAIRUDDIN, , PRAMONO, Edi, UTOMO, Suryadi Budi, WULANDARI, Viki, A'AN 
ZAHROTUL, W and CLEGG, Francis (2016). The effect of polyethylene glycol on 
shellac stability. IOP Conference Series: Materials Science and Engineering, 107 
(Conf 1), 012066. 
Repository use policy
Copyright © and Moral Rights for the papers on this site are retained by the 
individual authors and/or other copyright owners. Users may download and/or print 
one copy of any article(s) in SHURA to facilitate their private study or for non-
commercial research. You may not engage in further distribution of the material or 
use it for any profit-making activities or any commercial gain.
Sheffield Hallam University Research Archive
http://shura.shu.ac.uk
  ✁ ✂ ✄ ☎ ✆ ✝ ✝ ✄ ✞ ✟ ✠ ✡ ☛ ✝ ✄ ☞ ☎ ✂ ✌ ✍ ✞ ✍ ✎ ✡ ✏ ✆ ☎ ✑ ✂ ✝ ✄ ✒ ✆ ✝ ✄ ✓ ✔ ✍ ✌ ✍ ✕ ✡ ✖ ✄ ✗ ✄ ✘ ✆ ✙ ✂ ✞ ✝ ✂ ☎ ✄ ✟ ✡ ✚ ✛ ✜ ✢
✣ ✂ ✁ ☎ ✍ ✔ ✆ ✙ ✘ ✟ ✡ ✤ ☎ ✂ ✞ ✥ ✄ ✦ ✧ ✙ ★ ✩ ✩ ✪
✫ ✬ ✭ ✮ ✯ ✰ ✱ ✲ ✭ ✳ ✱ ✴ ✵ ✶ ✷ ✸ ✹ ✺ ✻ ✹ ✼ ✽ ✭ ✾ ✭ ✿ ✯ ✹ ❀ ✯ ✰ ✭ ✱ ❁ ✳ ✺ ❂ ✭ ✰ ✹ ✺ ✱ ✸ ✼ ❃ ✿ ❄ ❅ ✰ ❄ ✽ ❆ ✱ ✯ ✲ ✺ ❇ ❈ ❉ ✽ ❆ ✰ ✯ ❊ ✯ ✰ ✱ ✯ ❋ ● ❍ ■ ❈
❅ ✳ ❏ ✴ ✳ ✭ ✹ ✺ ✯
❑ ✬ ✭ ✯ ✮ ✰ ✱ ✲ ✭ ✳ ✱ ✴ ✵ ▲ ✷ ✭ ✲ ✺ ✹ ✱ ✰ ✸ ✼ ✽ ✭ ✾ ✭ ✿ ✯ ✹ ❀ ✯ ✰ ✭ ✱ ❁ ✳ ✺ ❂ ✭ ✰ ✹ ✺ ✱ ✸ ✼ ❃ ✿ ❄ ❅ ✰ ❄ ✽ ❆ ✱ ✯ ✲ ✺ ❇ ❈ ❉ ✽ ❆ ✰ ✯ ❊ ✯ ✰ ✱ ✯
❋ ● ❍ ■ ❈ ❅ ✳ ❏ ✴ ✳ ✭ ✹ ✺ ✯
▼ ✬ ✭ ✮ ✯ ✰ ✱ ✲ ✭ ✳ ✱ ✴ ✵ ▲ ✷ ✭ ✲ ✺ ✹ ✱ ✰ ✸ ◆ ❏ ❆ ✻ ✯ ✱ ✺ ✴ ✳ ✼ ✽ ✭ ✾ ✭ ✿ ✯ ✹ ❀ ✯ ✰ ✭ ✱ ❁ ✳ ✺ ❂ ✭ ✰ ✹ ✺ ✱ ✸ ✼ ❃ ✿ ❄ ❅ ✰ ❄ ✽ ❆ ✱ ✯ ✲ ✺ ❇ ❈ ❉ ✼
✽ ❆ ✰ ✯ ❊ ✯ ✰ ✱ ✯ ❋ ● ❍ ■ ❈ ❅ ✳ ❏ ✴ ✳ ✭ ✹ ✺ ✯
❖ ❀ ✯ ✱ ✭ ✰ ✺ ✯ ✿ ✹ ✯ ✳ ❏ ◆ ✳ P ✺ ✳ ✭ ✭ ✰ ✺ ✳ P ◗ ✭ ✹ ✭ ✯ ✰ ✻ ✷ ❅ ✳ ✹ ✱ ✺ ✱ ❆ ✱ ✭ ✼ ✽ ✷ ✭ ✵ ✵ ✺ ✭ ✿ ❏ ❘ ✯ ✿ ✿ ✯ ✲ ❁ ✳ ✺ ❂ ✭ ✰ ✹ ✺ ✱ ✸ ✼ ✽ ✷ ✭ ✵ ✵ ✺ ✭ ✿ ❏ ✼
✽ ❍ ❍ ❙ ❚ ✼ ❁ ❄ ❯
❱
◆ ❲ ✲ ✯ ✺ ✿ ❳ ❊ ✷ ✯ ✺ ✰ ❆ ❏ ❏ ✺ ✳
❨
● ❩ ❬ ✸ ✯ ✷ ✴ ✴ ❄ ✻ ✴ ✲
❭ ❪ ❫ ❴ ❵ ❛ ❜ ❴ ❝ ❞ ❡ ❢ ❢ ❣ ❣ ❢ ❤ ✐ ❥ ❣ ❦ ❥ ❧ ♠ ❢ ✐ ❡ ♠ ❧ ❢ ♥ ❢ ♦ ❧ ♠ ❤ ❥ ❧ ♣ q r s t ❡ ✉ ✈ ✇ ♥ ♦ ✉ ① ❥ ❧ ❢ ❤ ② ❧ ✉ ③ ④ ❢ ✇ ♦ ❡ ✐ ❥ ❣ ⑤ ⑥ ⑥ ⑥ ✉ ♥ ⑦ ⑧ ⑥ ⑥ ⑥
❥ ♥ ⑨ ❡ ❢ ❧ ❧ ✉ ❤ ⑨ ✐ ✉ ⑩ ✇ ❧ ✇ ✐ ♠ ❡ ✉ ⑨ ⑩ ❢ ❢ ♥ ✇ ♥ ✈ ❢ ⑨ ✐ ✇ ♦ ✉ ✐ ❢ ⑦ ✇ ♥ ✐ ❡ ✇ ⑨ ③ ❢ ⑨ ❢ ✉ ③ ❤ ❡ ❶ ❞ ❡ ❢ ⑨ ❡ ❢ ❧ ❧ ✉ ❤ ④ ✉ ⑨ ⑨ ❡ ❢ ❧ ❧ ✉ ❤ ④ ✉ ❷ ❣ ③ ❢ ❢ ❸ ✉ ♥ ⑦
✐ ❡ ❢ ⑨ ❥ ❧ ✈ ❢ ♥ ✐ ④ ✉ ⑨ ❢ ✐ ❡ ✉ ♥ ❥ ❧ ❹ ❺ ❻ ❶ ❼ ❡ ❢ ❧ ❧ ✉ ❤ ❣ ✇ ❧ ① ⑨ ④ ❢ ③ ❢ ❦ ③ ❢ ❦ ✉ ③ ❢ ⑦ ⑩ ♠ ⑨ ❥ ❧ ✈ ❢ ♥ ✐ ❢ ✈ ✉ ❦ ❥ ③ ✉ ✐ ✇ ❥ ♥ ① ❢ ✐ ❡ ❥ ⑦ ❶ ❞ ❡ ❢
⑨ ✐ ✉ ⑩ ✇ ❧ ✇ ✐ ♠ ❥ ❣ ⑨ ❡ ❢ ❧ ❧ ✉ ❤ ④ ✉ ⑨ ✇ ♥ ✈ ❢ ⑨ ✐ ✇ ♦ ✉ ✐ ❢ ⑦ ② ⑨ ✇ ♥ ♦ ✇ ♥ ⑨ ❥ ❧ ② ⑩ ❧ ❢ ⑨ ❥ ❧ ✇ ⑦ ✐ ❢ ⑨ ✐ ❸ ❽ ❥ ② ③ ✇ ❢ ③ ❞ ③ ✉ ♥ ⑨ ❣ ❥ ③ ① ❾ ♥ ❣ ③ ✉ ❿ ❢ ⑦
♣ ❽ ❞ ❾ ❿ t ❸ ❞ ❡ ❢ ③ ① ❥ ♦ ③ ✉ ✈ ✇ ① ❢ ✐ ③ ♠ ➀ ♥ ✉ ❧ ♠ ➁ ❢ ③ ♣ ❞ s ➀ t ❸ ✉ ♥ ⑦ ➂ ✉ ✐ ❢ ③ ➃ ✉ ❦ ❥ ② ③ ❞ ③ ✉ ♥ ⑨ ① ✇ ⑨ ⑨ ✇ ❥ ♥ ❿ ✉ ✐ ❢ ♣ ➂ ➃ ❞ ❿ t ❶
❞ ❡ ❢ ③ ❢ ⑨ ② ❧ ✐ ⑨ ⑨ ❡ ❥ ④ ❢ ⑦ ✐ ❡ ✉ ✐ ⑨ ✐ ✉ ⑩ ✇ ❧ ✇ ✐ ♠ ❥ ❣ ⑨ ❡ ❢ ❧ ❧ ✉ ❤ ⑦ ❢ ❤ ③ ❢ ✉ ⑨ ❢ ⑦ ✉ ❣ ✐ ❢ ③ ❡ ❢ ✉ ✐ ✇ ♥ ♦ ✉ ✐ ⑤ ⑧ ➄ ➅ ➆ ❣ ❥ ③ ⑤ ⑥ ❸ ➇ ⑥ ❸ ❹ ⑥ ❸ ✉ ♥ ⑦
⑤ ➈ ⑥ ① ✇ ♥ ② ✐ ❢ ⑨ ❸ ✉ ♥ ⑦ ⑨ ✐ ❥ ③ ✇ ♥ ♦ ❣ ❥ ③ ⑤ ① ❥ ♥ ✐ ❡ ✉ ✐ ⑧ ➉ ➅ ➆ ✉ ♥ ⑦ ➈ ➄ ③ ❢ ❧ ✉ ✐ ✇ ✈ ❢ ❡ ② ① ✇ ⑦ ✇ ✐ ♠ ♣ ❿ ➊ t ❶ q r s ✇ ① ❦ ③ ❥ ✈ ❢ ⑦
✐ ❡ ❢ ⑨ ✐ ✉ ⑩ ✇ ❧ ✇ ✐ ♠ ❸ ✉ ♥ ⑦ ✐ ❡ ❢ ① ❥ ⑨ ✐ ⑨ ✐ ✉ ⑩ ❧ ❢ ❢ ❣ ❣ ❢ ❤ ✐ ④ ✉ ⑨ ✉ ❤ ❡ ✇ ❢ ✈ ❢ ⑦ ✐ ❡ ③ ❥ ② ♦ ❡ q r s ⑤ ⑥ ⑥ ⑥ ❶
➋ ➌ ➍
✞ ✔ ☎ ✍ ✝ ✆ ✥ ✔ ✄ ✍ ✞
✽ ✷ ✭ ✿ ✿ ✯ ✻ ✺ ✹ ✯ ✳ ✯ ✱ ❆ ✰ ✯ ✿ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✮ ✰ ✴ ❏ ❆ ✻ ✭ ❏ ✾ ✸ ✺ ✳ ✹ ✭ ✻ ✱ ✹ ✺ ✳ ✱ ✷ ✭ ✵ ✴ ✰ ✭ ✹ ✱ ✺ ✳ ✱ ✰ ✴ ✮ ✺ ✻ ✯ ✿ ✻ ✴ ❆ ✳ ✱ ✰ ✺ ✭ ✹ ❄ ❅ ✱ ➎ ✯ ✹ ✳ ✴ ✳ ❲
✱ ✴ ➏ ✺ P ✭ ✳ ✺ ✻ ✼ ✰ ✭ ✳ ✭ ➎ ✯ ✾ ✿ ✭ ✯ ✳ ❏ ✳ ✯ ✱ ❆ ✰ ✯ ✿ ✿ ✸ ❏ ✭ ✻ ✴ ✲ ✮ ✴ ✹ ✯ ✾ ✿ ✭ ✹ ✴ ✺ ✱ ✹ ✮ ✰ ✴ ❏ ❆ ✻ ✱ ✹ ✻ ✴ ❆ ✿ ❏ ✲ ✭ ✭ ✱ ✹ ❆ ✹ ✱ ✯ ✺ ✳ ✯ ✾ ✿ ✭ ✯ ✳ ❏
✭ ✳ ❂ ✺ ✰ ✴ ✳ ✲ ✭ ✳ ✱ ✯ ✿ ✮ ✰ ✴ ✱ ✭ ✻ ✱ ✺ ✴ ✳ ✰ ✭ ➐ ❆ ✺ ✰ ✭ ✲ ✭ ✳ ✱ ✹ ❄ ❅ ✱ ✷ ✯ ❏ ✾ ✭ ✭ ✳ ✯ ✮ ✮ ✿ ✺ ✭ ❏ ✺ ✳ ✵ ✴ ✴ ❏ ✯ ✳ ❏ ✲ ✭ ❏ ✺ ✻ ✺ ✳ ✭ ✻ ✴ ✯ ✱ ✺ ✳ P ✼ ✲ ✭ ✱ ✯ ✿ ✿ ❆ ✰ P ✸ ✼
✲ ✺ ✿ ✺ ✱ ✯ ✰ ✸ ✼ ✭ ✱ ✻ ❄ ➑ ✷ ✭ ✯ ✱ ✱ ✰ ✯ ✻ ✱ ✺ ❂ ✭ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ❆ ✹ ✭ ✰ ✭ ✿ ✺ ✭ ❏ ✴ ✳ ✺ ✱ ✹ ➒ ✷ ✺ P ✷ ✯ ❏ ✷ ✭ ✹ ✺ ❂ ✭ ✹ ✱ ✰ ✭ ✳ P ✱ ✷ ✼ P ✰ ✭ ✯ ✱ ✭ ✿ ✭ ✻ ✱ ✰ ✺ ✻ ✯ ✿
✺ ✳ ✹ ❆ ✿ ✯ ✱ ✺ ✴ ✳ ✮ ✰ ✴ ✮ ✭ ✰ ✱ ✸ ✼ ➎ ✯ ✱ ✭ ✰ ✮ ✰ ✴ ✴ ✵ ✳ ✭ ✹ ✹ ✼ ✲ ✴ ✺ ✹ ✱ ❆ ✰ ✭ ✯ ✳ ❏ ✻ ✴ ✰ ✰ ✴ ✹ ✺ ✴ ✳ ✰ ✭ ✹ ✺ ✹ ✱ ✯ ✳ ✻ ✭ ✼ ❆ ✿ ✱ ✰ ✯ ❂ ✺ ✴ ✿ ✭ ✱ ✹ ✻ ✰ ✭ ✭ ✳ ✺ ✳ P ✼ ✴ ✺ ✿
✰ ✭ ✹ ✺ ✹ ✱ ✯ ✳ ✻ ✭ ✼ ✭ ✳ ✱ ✭ ✰ ✺ ✻ ✳ ✯ ✱ ❆ ✰ ✭ ➓ ✯ ✻ ✺ ❏ ✰ ✭ ✹ ✺ ✹ ✱ ✯ ✳ ✻ ✭ ➔ ✯ ✳ ❏ P ✴ ✴ ❏ ❏ ✸ ✭ ❲ ✵ ✺ ➏ ✺ ✳ P ❄
❘ ✴ ➎ ✭ ❂ ✭ ✰ ✼ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✯ ✿ ✹ ✴ ✷ ✯ ✹ ❏ ✺ ✹ ✯ ❏ ❂ ✯ ✳ ✱ ✯ P ✭ ✹ ✰ ✭ ✿ ✯ ✱ ✺ ✳ P ✱ ✴ ✺ ✱ ✹ ✹ ✱ ✯ ✾ ✺ ✿ ✺ ✱ ✸ ❄ → ❂ ✭ ✰ ✱ ✺ ✲ ✭ ✺ ✱ ✹ ✲ ✴ ✿ ✭ ✻ ❆ ✿ ✯ ✰ P ✰ ✴ ❆ ✮ ✹
✻ ✴ ❆ ✿ ❏ ❆ ✳ ❏ ✭ ✰ P ✴ ✺ ✳ ✱ ✰ ✯ ✲ ✴ ✿ ✭ ✻ ❆ ✿ ✯ ✰ ✻ ✷ ✭ ✲ ✺ ✻ ✯ ✿ ✾ ✴ ✳ ❏ ✺ ✳ P ➓ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ➣ ✯ ✱ ✺ ✴ ✳ ➔ ➎ ✷ ✺ ✻ ✷ ✿ ✭ ❏ ✱ ✴ ✻ ✷ ✯ ✳ P ✭ ✹ ✺ ✳ ✺ ✱ ✹
✮ ✰ ✴ ✮ ✭ ✰ ✱ ✺ ✭ ✹ ✼ ✺ ✱ ✾ ✭ ✻ ✴ ✲ ✭ ✹ ✲ ✴ ✰ ✭ ✾ ✰ ✺ ✱ ✱ ✿ ✭ ✯ ✳ ❏ ✿ ✭ ✹ ✹ ✹ ✴ ✿ ❆ ✾ ✿ ✭ ❄ ✽ ✷ ✭ ✿ ✿ ✯ ✻ ❆ ✳ ❏ ✭ ✰ ➎ ✭ ✳ ✱ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ➣ ✯ ✱ ✺ ✴ ✳ ↔ ✯ P ✺ ✳ P ✾ ✸ ✭ ✺ ✱ ✷ ✭ ✰
✷ ✭ ✯ ✱ ✺ ✳ P ✴ ✰ ✭ ➏ ✮ ✴ ✹ ❆ ✰ ✭ ✱ ✴ ✷ ❆ ✲ ✺ ❏ ✺ ✱ ✸ ↕ ❍ ➙ ❄ ✽ ✺ ✳ ✻ ✭ ✲ ✴ ✹ ✱ ✴ ✵ ✱ ✷ ✭ ✯ ✻ ✺ ❏ ✹ ✻ ✴ ✳ ✱ ✯ ✺ ✳ ✭ ❏ ✲ ✴ ✰ ✭ ✱ ✷ ✯ ✳ ✴ ✳ ✭ ✷ ✸ ❏ ✰ ✴ ➏ ✸ ✿ P ✰ ✴ ❆ ✮
✯ ✳ ❏ ✹ ✴ ✲ ✭ ✲ ✴ ✰ ✭ ✱ ✷ ✯ ✳ ✴ ✳ ✭ ✻ ✯ ✰ ✾ ✴ ➏ ✸ ✿ P ✰ ✴ ❆ ✮ ✺ ✱ ➎ ✯ ✹ ✾ ✭ ✿ ✺ ✭ ❂ ✭ ❏ ✱ ✷ ✯ ✱ ✱ ✷ ✺ ✹ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ➣ ✯ ✱ ✺ ✴ ✳ ➎ ✯ ✹ ✯ ✰ ✭ ✹ ❆ ✿ ✱ ✴ ✵ ✹ ✭ ✿ ✵ ❲
✭ ✹ ✱ ✭ ✰ ✺ ✵ ✺ ✻ ✯ ✱ ✺ ✴ ✳ ✴ ✵ ✱ ✷ ✭ ✲ ✯ ✱ ✭ ✰ ✺ ✯ ✿ ✯ ✹ ✹ ✷ ✴ ➎ ✳ ✺ ✳ ✱ ✷ ✭ ✮ ✰ ✴ ✮ ✴ ✹ ✭ ❏ ✲ ✭ ✻ ✷ ✯ ✳ ✺ ✹ ✲ ✾ ✸ ➛ ✺ ✲ ✲ ✯ ✱ ✮ ✯ ❂ ✺ ✰ ✯ ✱ ↕ ■ ➙ ✺ ✳ ➜ ✺ P ❆ ✰ ✭ ❍ ❄
➑ ✷ ✺ ✹ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ➣ ✯ ✱ ✺ ✴ ✳ ✲ ✯ ✳ ✺ ✵ ✭ ✹ ✱ ✭ ❏ ✺ ✱ ✹ ✭ ✿ ✵ ✺ ✳ ✱ ✷ ✭ ✹ ✴ ❲ ✻ ✯ ✿ ✿ ✭ ❏ ✾ ✿ ✴ ✻ ❊ ✺ ✳ P ✴ ✵ ✱ ✷ ✭ ✲ ✯ ✱ ✭ ✰ ✺ ✯ ✿ ✯ ✹ ✱ ✷ ✭ ✺ ✳ ❏ ✺ ❂ ✺ ❏ ❆ ✯ ✿ ✹ ✷ ✭ ✿ ✿ ✯ ✻
✵ ✿ ✯ ❊ ✭ ✹ ✹ ✱ ❆ ✻ ❊ ✱ ✴ P ✭ ✱ ✷ ✭ ✰ ❄ ❘ ✭ ✳ ✻ ✭ ✼ ✱ ✷ ✭ ✹ ✱ ✯ ✾ ✺ ✿ ✺ ✱ ✸ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✻ ✴ ❆ ✿ ❏ ✾ ✭ ✺ ✲ ✮ ✰ ✴ ❂ ✭ ❏ ✾ ✸ ✮ ✰ ✴ ✱ ✭ ✻ ✱ ✺ ✳ P ✱ ✷ ✭ ✹ ✭ ✵ ❆ ✳ ✻ ✱ ✺ ✴ ✳ ✯ ✿
P ✰ ✴ ❆ ✮ ✹ ↕ ■ ✼ ❇ ➙ ❄ ➑ ✷ ✭ ✯ ✲ ✴ ❆ ✳ ✱ ✴ ✵ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ➣ ✯ ✱ ✺ ✴ ✳ ✺ ✳ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✻ ✴ ✰ ✰ ✭ ✿ ✯ ✱ ✭ ❏ ✱ ✴ ✱ ✷ ✭ ✮ ✭ ✰ ✻ ✭ ✳ ✱ ✯ P ✭ ✴ ✵ ✺ ✳ ✹ ✴ ✿ ❆ ✾ ✿ ✭ ✹ ✴ ✿ ✺ ❏ ❄
10th Joint Conference on Chemistry IOP Publishing
IOP Conf. Series: Materials Science and Engineering 107 (2016) 012066 doi:10.1088/1757-899X/107/1/012066
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
✤ ✄ ✩ ✆ ☎ ★
➋ ➌
✶ ✰ ✴ ✮ ✴ ✹ ✭ ❏ ✲ ✭ ✻ ✷ ✯ ✳ ✺ ✹ ✲ ✴ ✵ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ➣ ✯ ✱ ✺ ✴ ✳ ✺ ✳ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ↕ ■ ➙ ❄
✽ ✭ ❂ ✭ ✰ ✯ ✿ ✯ ✱ ✱ ✭ ✲ ✮ ✱ ✹ ✷ ✯ ❂ ✭ ✾ ✭ ✭ ✳ ❏ ✴ ✳ ✭ ✱ ✴ ✯ ❏ ❏ ✰ ✭ ✹ ✹ ✱ ✷ ✺ ✹ ✺ ✹ ✹ ❆ ✭ ❄ ❉ ✿ ❊ ✯ ✿ ✺ ✱ ✰ ✭ ✯ ✱ ✲ ✭ ✳ ✱ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✯ ✳ ❏ ✱ ✷ ❆ ✹ ✻ ✴ ✲ ✮ ✴ ✹ ✺ ✱ ✭
✹ ✯ ✿ ✱ ✵ ✴ ✰ ✲ ✯ ✱ ✺ ✴ ✳ ➓ ✾ ✸ ✻ ✯ ✰ ✾ ✴ ➏ ✸ ✿ ✯ ✱ ✭ ✺ ✴ ✳ ✹ ➔ ✺ ✲ ✮ ✰ ✴ ❂ ✭ ❏ ✵ ✿ ✭ ➏ ✺ ✾ ✺ ✿ ✺ ✱ ✸ ✯ ✳ ❏ ✹ ✱ ✯ ✾ ✺ ✿ ✺ ✱ ✸ ✾ ❆ ✱ ➎ ✴ ✰ ✹ ✭ ✳ ➎ ✯ ✱ ✭ ✰ ✾ ✯ ✰ ✰ ✺ ✭ ✰
✮ ✰ ✴ ✮ ✭ ✰ ✱ ✺ ✭ ✹ ↕ ➝ ➙ ❄ ❉ ✻ ✴ ✲ ✮ ✯ ✰ ✺ ✹ ✴ ✳ ✾ ✭ ✱ ➎ ✭ ✭ ✳ ✳ ✯ ✱ ✺ ❂ ✭ ✯ ✳ ❏ ✷ ✸ ❏ ✰ ✴ ✿ ✸ ✹ ✭ ❏ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✹ ✮ ✰ ✭ ✮ ✯ ✰ ✭ ❏ ✯ ✹ ✵ ✺ ✿ ✲ ✹ ✺ ✳ ✵ ✰ ✭ ✭ ✯ ✻ ✺ ❏ ✯ ✳ ❏
✯ ✲ ✲ ✴ ✳ ✺ ❆ ✲ ✹ ✯ ✿ ✱ ✵ ✴ ✰ ✲ ✹ ✾ ✸ ❆ ✹ ✺ ✳ P ✭ ✱ ✷ ✯ ✳ ✴ ✿ ✯ ✳ ❏ ✯ ✲ ✲ ✴ ✳ ✺ ❆ ✲ ✷ ✸ ❏ ✰ ✴ ➏ ✺ ❏ ✭ ✹ ✴ ✿ ❆ ✱ ✺ ✴ ✳ ✼ ✰ ✭ ✹ ✮ ✭ ✻ ✱ ✺ ❂ ✭ ✿ ✸ ✼ ❏ ✺ ❏ ✹ ✷ ✴ ➎ ✱ ✷ ✯ ✱
✯ ✿ ❊ ✯ ✿ ✺ ✱ ✰ ✭ ✯ ✱ ✲ ✭ ✳ ✱ ✺ ✳ ✻ ✰ ✭ ✯ ✹ ✭ ❏ ✯ ✻ ✺ ❏ ❂ ✯ ✿ ❆ ✭ ✼ ✹ ✴ ✿ ❆ ✾ ✺ ✿ ✺ ✱ ✸ ✯ ✱ ✮ ❘ ● ✯ ✳ ❏ ✹ ✱ ✰ ✯ ✺ ✳ ✼ ✾ ❆ ✱ ❏ ✭ ✻ ✰ ✭ ✯ ✹ ✭ ❏ ✭ ✹ ✱ ✭ ✰ ❂ ✯ ✿ ❆ ✭ ✼ ➎ ✯ ✱ ✭ ✰
❂ ✯ ✮ ✴ ❆ ✰ ✮ ✭ ✰ ✲ ✭ ✯ ✾ ✺ ✿ ✺ ✱ ✸ ✻ ✴ ✭ ✵ ✵ ✺ ✻ ✺ ✭ ✳ ✱ ✯ ✳ ❏ ✹ ✱ ✰ ✭ ✹ ✹ ❄ ➑ ✷ ✭ ✻ ✴ ✲ ✮ ✴ ✹ ✺ ✱ ✭ ✹ ✯ ✿ ✱ ✵ ✴ ✰ ✲ ✯ ✱ ✺ ✴ ✳ ✯ ✿ ✹ ✴ ✿ ✭ ❏ ✱ ✴ ✱ ✷ ✭ ✹ ✱ ✯ ✾ ✺ ✿ ✺ ✹ ✯ ✱ ✺ ✴ ✳ ✴ ✵
✹ ✷ ✭ ✿ ✿ ✯ ✻ ↕ ❇ ❲ ❈ ➙ ✼ ➎ ✷ ✺ ✻ ✷ ➎ ✯ ✹ ✾ ✭ ✿ ✺ ✭ ❂ ✭ ❏ ✱ ✴ ✴ ✻ ✻ ❆ ✰ ✱ ✷ ✰ ✴ ❆ P ✷ ✱ ✷ ✭ ✮ ✰ ✴ ✱ ✭ ✻ ✱ ✺ ✴ ✳ ✴ ✵ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ✹ ✯ ✾ ✿ ✭ P ✰ ✴ ❆ ✮ ✹ ✯ ✳ ❏ ✹ ✱ ✴ ✮ ✮ ✭ ❏
✱ ✷ ✭ ✵ ✴ ✰ ✲ ✯ ✱ ✺ ✴ ✳ ✴ ✵ ✭ ✹ ✱ ✭ ✰ ✹ ✱ ✷ ✰ ✴ ❆ P ✷ ✱ ✷ ✭ ✰ ✭ ❂ ✭ ✰ ✹ ✯ ✿ ✴ ✵ ✱ ✷ ✭ ✹ ✯ ✿ ✱ ✵ ✴ ✰ ✲ ✯ ✱ ✺ ✴ ✳ ✲ ✭ ✻ ✷ ✯ ✳ ✺ ✹ ✲ ➓ ✯ ❊ ✳ ✴ ➎ ✳ ✯ P ✺ ✳ P ✭ ✵ ✵ ✭ ✻ ✱ ➔ ❄
➑ ✷ ✺ ✹ ✻ ✯ ✳ ✭ ➏ ✱ ✭ ✳ ❏ ✱ ✷ ✭ ✹ ✷ ✭ ✿ ✵ ❲ ✿ ✺ ✵ ✭ ✴ ✵ ✵ ✺ ✿ ✲ ✹ ✵ ✰ ✴ ✲ ❇ ✱ ✴ ✴ ❂ ✭ ✰ ❍ ■ ✲ ✴ ✳ ✱ ✷ ✹ ➎ ✷ ✭ ✳ ✹ ✱ ✴ ✰ ✭ ❏ ✯ ✱ ➝ ❩ ➞ ▲ ✯ ✳ ❏ ● ❋ ➟ ◗ ❘ ❄
❉ ✿ ✱ ✷ ✴ ❆ P ✷ ✻ ✴ ✲ ✮ ✴ ✹ ✺ ✱ ✭ ✹ ✯ ✿ ✱ ✵ ✴ ✰ ✲ ✯ ✱ ✺ ✴ ✳ ✮ ✰ ✴ ❂ ✺ ❏ ✭ ❏ ✵ ✿ ✭ ➏ ✺ ✾ ✺ ✿ ✺ ✱ ✸ ✱ ✴ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✵ ✺ ✿ ✲ ✹ ✯ ✳ ❏ ✻ ✴ ✯ ✱ ✺ ✳ P ✹ ✼ ✮ ✿ ✯ ✹ ✱ ✺ ✻ ✺ ➣ ✭ ✰ ✹ ➎ ✭ ✰ ✭
✹ ✱ ✺ ✿ ✿ ✰ ✭ ➐ ❆ ✺ ✰ ✭ ❏ ✱ ✴ ✴ ❂ ✭ ✰ ✻ ✴ ✲ ✭ ✱ ✷ ✭ ✺ ✰ ✾ ✰ ✺ ✱ ✱ ✿ ✭ ✳ ✭ ✹ ✹ ❄ ❉ ✿ ✱ ✷ ✴ ❆ P ✷ ✱ ✷ ✺ ✹ ✻ ✴ ❆ ✿ ❏ ✿ ✭ ✯ ❏ ✱ ✴ ✮ ✴ ✴ ✰ ✭ ✰ ➎ ✯ ✱ ✭ ✰ ✾ ✯ ✰ ✰ ✺ ✭ ✰ ✮ ✰ ✴ ✮ ✭ ✰ ✱ ✺ ✭ ✹ ✼
✮ ✿ ✯ ✹ ✱ ✺ ✻ ✺ ➣ ✭ ✰ ✹ ✯ ✿ ✹ ✴ ✹ ✭ ✰ ❂ ✭ ❏ ✱ ✴ ✮ ✰ ✴ ✱ ✭ ✻ ✱ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✵ ✰ ✴ ✲ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ✹ ✯ ✱ ✺ ✴ ✳ ✯ ✳ ❏ ✱ ✷ ❆ ✹ ✹ ✱ ✯ ✾ ✺ ✿ ✺ ➣ ✭ ❏ ✱ ✷ ✭ ✺ ✰ ✮ ✰ ✴ ✮ ✭ ✰ ✱ ✺ ✭ ✹ ✼ ✱ ✷ ✺ ✹
➎ ✯ ✹ ✾ ✭ ✿ ✺ ✭ ❂ ✭ ❏ ✱ ✴ ✴ ✻ ✻ ❆ ✰ ✱ ✷ ✰ ✴ ❆ P ✷ ✯ ✷ ✸ ❏ ✰ ✴ P ✭ ✳ ✾ ✴ ✳ ❏ ✺ ✳ P ✲ ✭ ✻ ✷ ✯ ✳ ✺ ✹ ✲ ➎ ✷ ✺ ✻ ✷ ✮ ✰ ✴ ✱ ✭ ✻ ✱ ✭ ❏ ✱ ✷ ✭ ✰ ✭ ✯ ✻ ✱ ✺ ❂ ✭ P ✰ ✴ ❆ ✮ ✹ ❄
❉ ✳ ✯ ✳ ➠ ➡ ➢ ➤ ❄ ↕ ● ➙ ✹ ✷ ✴ ➎ ✭ ❏ ✱ ✷ ✯ ✱ ✶ ◆ ➥ ➎ ✺ ✱ ✷ ❀ ➎ ✴ ✵ ➝ ❩ ❩ ➎ ✯ ✹ ✾ ✭ ✱ ✱ ✭ ✰ ✱ ✷ ✯ ✳ ✱ ✷ ✯ ✱ ✴ ✵ ■ ❩ ❩ ✯ ✳ ❏ ➝ ❩ ❩ ❩ ✯ ✳ ❏ ✰ ✭ ✯ ✹ ✴ ✳ ✭ ❏ ✺ ✱
✱ ✴ ✱ ✷ ✭ ✾ ✯ ✿ ✯ ✳ ✻ ✭ ✾ ✭ ✱ ➎ ✭ ✭ ✳ ✯ ✳ ❆ ✲ ✾ ✭ ✰ ✴ ✵ ✷ ✸ ❏ ✰ ✴ P ✭ ✳ ✾ ✴ ✳ ❏ ✺ ✳ P ✭ ✳ ❂ ✺ ✰ ✴ ✳ ✲ ✭ ✳ ✱ ✹ ✯ ✳ ❏ ✲ ✴ ✿ ✭ ✻ ❆ ✿ ✯ ✰ ❂ ✴ ✿ ❆ ✲ ✭ ❄ ❉ ✳
✺ ✳ ❂ ✭ ✹ ✱ ✺ P ✯ ✱ ✺ ✴ ✳ ✱ ✴ ✿ ✴ ✴ ❊ ✯ ✱ ❀ ➎ ❍ ❩ ❩ ❩ ✯ ✳ ❏ ■ ❩ ❩ ❩ ✺ ✹ ❏ ✭ ✭ ✲ ✭ ❏ ✳ ✭ ✻ ✭ ✹ ✹ ✯ ✰ ✸ ✯ ✹ ✱ ✷ ✭ ✹ ✭ ✲ ✯ ✸ ✮ ✰ ✴ ❂ ✺ ❏ ✭ ✵ ❆ ✰ ✱ ✷ ✭ ✰
✹ ✱ ✯ ✾ ✺ ✿ ✺ ➣ ✯ ✱ ✺ ✴ ✳ ❄ ➑ ✷ ✭ ✷ ✺ P ✷ ❀ ➎ ✯ ✰ ✭ ✿ ✭ ✹ ✹ ✿ ✺ ❊ ✭ ✿ ✸ ✱ ✴ ✲ ✺ P ✰ ✯ ✱ ✭ ✴ ✰ ✿ ✭ ✯ ✻ ✷ ✵ ✰ ✴ ✲ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ✹ ✯ ✾ ✿ ✭ ✹ ✺ ✱ ✭ ✹ ✯ ✳ ❏ ✱ ✷ ❆ ✹ ✼ ✿ ✭ ✯ ❏
✱ ✴ ✷ ✺ P ✷ ✭ ✰ ✹ ✱ ✯ ✾ ✿ ✭ ✵ ✺ ✿ ✲ ✹ ✼ ✷ ✴ ➎ ✭ ❂ ✭ ✰ ✱ ✴ ✴ ✷ ✺ P ✷ ✯ ✳ ❀ ❙ ➎ ✺ ✿ ✿ ✿ ✭ ✯ ❏ ✱ ✴ ✮ ✴ ✴ ✰ ✮ ✿ ✯ ✹ ✱ ✺ ✻ ✺ ✹ ✺ ✳ P ✭ ✵ ✵ ✭ ✻ ✱ ✹ ❄ → ✱ ✷ ✭ ✰
✮ ✿ ✯ ✹ ✱ ✺ ✻ ✺ ➣ ✭ ✰ ✹ ✹ ❆ ✻ ✷ ✯ ✹ ✱ ✰ ✺ ✯ ✻ ✭ ✱ ✺ ✳ ✴ ✰ ❏ ✺ ✭ ✱ ✷ ✸ ✿ ✮ ✷ ✱ ✷ ✯ ✿ ✯ ✱ ✭ ✮ ✰ ✴ ❂ ✺ ❏ ✭ ❏ ✿ ✭ ✹ ✹ ✹ ✱ ✯ ✾ ✺ ✿ ✺ ✱ ✸ ❄
➦ ➌
☛ ➧ ➨ ★ ☎ ✄ ✌ ★ ✞ ✔ ✂ ✙
➩ ➫ ➭ ➫ ➯
➢ ➡ ➠ ➲ ➳ ➢ ➤ ➵
✽ ✷ ✭ ✿ ✿ ✯ ✻ ➎ ✯ ➏ ✵ ✰ ✭ ✭ ➎ ✯ ✹ ✹ ❆ ✮ ✮ ✿ ✺ ✭ ❏ ✾ ✸ ✽ ✺ P ✲ ✯ ❲ ❉ ✿ ❏ ✰ ✺ ✻ ✷ ❁ ❯ ❄ ❉ ✿ ✻ ✴ ✷ ✴ ✿ ➸ ❈ ➟ ➎ ✯ ✹ ✹ ❆ ✮ ✮ ✿ ✺ ✭ ❏ ✾ ✸ ❀ ✭ ✰ ✻ ❊ ➥ ✭ ✰ ✲ ✯ ✳ ✸ ❄
✶ ✿ ✯ ✹ ✱ ✺ ✻ ✺ ➣ ✭ ✰ ✮ ✴ ✿ ✸ ✭ ✱ ✷ ✸ ✿ ✭ ✳ ✭ P ✿ ✸ ✻ ✴ ✿ ➎ ✯ ✹ ✹ ❆ ✮ ✮ ✿ ✺ ✭ ❏ ✾ ✸ ✽ ✺ P ✲ ✯ ❲ ❉ ✿ ❏ ✰ ✺ ✻ ✷ ❁ ❯ ❄
10th Joint Conference on Chemistry IOP Publishing
IOP Conf. Series: Materials Science and Engineering 107 (2016) 012066 doi:10.1088/1757-899X/107/1/012066
➺
➩ ➫ ➩ ➫ ➻
➲ ➠ ➼ ➢ ➲ ➢ ➡ ➳ ➽ ➾ ➽ ➚ ➵ ➪ ➠ ➤ ➤ ➢ ➶ ➢ ➾ ➹ ➼ ➤ ➢ ➵ ➡ ➳ ➶ ➳ ➵ ➠ ➹ ➵ ➪ ➠ ➤ ➤ ➢ ➶ ➚ ➳ ➤ ➘ ➵
❉ ✿ ✿ ✵ ✺ ✿ ✲ ✹ ✮ ✰ ✭ ✹ ✭ ✳ ✱ ✭ ❏ ➎ ✭ ✰ ✭ ✮ ✰ ✭ ✮ ✯ ✰ ✭ ❏ ✾ ✸ ✹ ✴ ✿ ❆ ✱ ✺ ✴ ✳ ✻ ✯ ✹ ✱ ✺ ✳ P ❄ ✽ ✷ ✭ ✿ ✿ ✯ ✻ ✵ ✺ ✿ ✲ ✹ ➎ ✭ ✰ ✭ ✲ ✯ ❏ ✭ ✾ ✸ ❏ ✺ ✹ ✹ ✴ ✿ ❂ ✺ ✳ P ❍ ❄ ■ ❋ P ✰
✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✺ ✳ ❍ ■ ❄ ❋ ✲ ✿ ✭ ✱ ✷ ✯ ✳ ✴ ✿ ➓ ➸ ❈ ➟ ➔ ➎ ✷ ✺ ✿ ✭ ✶ ◆ ➥ ↔ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✵ ✺ ✿ ✲ ✹ ➓ ❍ ❩ ➎ ✱ ➟ ➔ ➎ ✭ ✰ ✭ ✮ ✰ ✭ ✮ ✯ ✰ ✭ ❏ ✾ ✸ ✲ ✺ ➏ ✺ ✳ P ✯ ✳ ❏
✹ ✱ ✺ ✰ ✰ ✺ ✳ P ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✹ ✴ ✿ ❆ ✱ ✺ ✴ ✳ ✯ ✳ ❏ ✶ ◆ ➥ ✹ ✴ ✿ ❆ ✱ ✺ ✴ ✳ ❄ ➑ ✷ ✭ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✹ ✴ ✿ ❆ ✱ ✺ ✴ ✳ ✹ ➎ ✭ ✰ ✭ ✲ ✯ ❏ ✭ ✾ ✸ ❏ ✺ ✹ ✹ ✴ ✿ ❂ ✺ ✳ P ❍ ❄ ❍ ■ ❋ P ✰ ✴ ✵
✹ ✷ ✭ ✿ ✿ ✯ ✻ ✺ ✳ ❍ ❩ ✲ ✿ ✭ ✱ ✷ ✯ ✳ ✴ ✿ ✯ ✳ ❏ ✹ ✱ ✺ ✰ ✰ ✭ ❏ ✵ ✴ ✰ ■ ✷ ✴ ❆ ✰ ✹ ➎ ✷ ✺ ✿ ✭ ✶ ◆ ➥ ✹ ✴ ✿ ❆ ✱ ✺ ✴ ✳ ✹ ➎ ✭ ✰ ✭ ✲ ✯ ❏ ✭ ✾ ✸ ❏ ✺ ✹ ✹ ✴ ✿ ❂ ✺ ✳ P ❩ ❄ ❍ ■ ❋ P ✰
✴ ✵ ✶ ◆ ➥ ✺ ✳ ■ ❄ ❋ ✲ ✿ ✭ ✱ ✷ ✯ ✳ ✴ ✿ ✯ ✳ ❏ ✹ ✱ ✺ ✰ ✰ ✭ ❏ ✵ ✴ ✰ ■ ✷ ✴ ❆ ✰ ✹ ❆ ✹ ✺ ✳ P ✯ ✲ ✯ P ✳ ✭ ✱ ✺ ✻ ✾ ✯ ✰ ↔ ✹ ✱ ✺ ✰ ✰ ✭ ✰ ✯ ✱ ✰ ✴ ✴ ✲ ✱ ✭ ✲ ✮ ✭ ✰ ✯ ✱ ❆ ✰ ✭ ❄ ➑ ✷ ✭
✹ ✴ ✿ ❆ ✱ ✺ ✴ ✳ ➎ ✯ ✹ ✱ ✷ ✭ ✳ ✻ ✯ ✹ ✱ ✺ ✳ ✱ ✴ ✶ ✭ ✱ ✰ ✺ ❏ ✺ ✹ ✷ ✼ ✱ ✷ ✭ ✳ ❏ ✰ ✺ ✭ ❏ ✯ ✱ ❋ ❩ ➞ ▲ ✵ ✴ ✰ ● ✷ ✴ ❆ ✰ ✹ ✾ ✭ ✵ ✴ ✰ ✭ ✾ ✭ ✺ ✳ P ✯ ✳ ✯ ✿ ✸ ✹ ✭ ❏ ❄
➩ ➫ ➴ ➫ ➷
➪ ➢ ➲ ➢ ➶ ➡ ➠ ➲ ➳ ➬ ➢ ➡ ➳ ➽ ➾
➩ ➫ ➴ ➫ ➭ ➫ ➮
➾ ➵ ➽ ➤ ➱ ✃ ➤ ➠ ➵ ➽ ➤ ➳ ➹
➫
✶ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ✹ ✯ ✱ ✺ ✴ ✳ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ➎ ✯ ✹ ✯ ✻ ✻ ✭ ✿ ✭ ✰ ✯ ✱ ✭ ❏ ✾ ✸ ✷ ✭ ✯ ✱ ✺ ✳ P ✯ ✱ ❍ ■ ❋ ➞ ▲ ✵ ✴ ✰ ❍ ❩ ✼ ❇ ❩ ✼ ➸ ❩ ✼
❍ ❐ ❩ ✯ ✳ ❏ ❇ ❈ ❩ ✲ ✺ ✳ ❆ ✱ ✭ ✹ ❄ ➑ ✷ ✭ ✷ ✭ ✯ ✱ ✭ ❏ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✵ ✺ ✿ ✲ ➎ ✯ ✹ ❏ ✺ ✹ ✹ ✴ ✿ ❂ ✭ ❏ ✺ ✳ ✭ ✱ ✷ ✯ ✳ ✴ ✿ ➓ ➸ ❈ ➟ ➔ ✵ ✴ ✰ ❇ ✷ ✴ ❆ ✰ ✹ ❄ ➑ ✷ ✭ ✹ ✴ ✿ ❆ ✱ ✺ ✴ ✳
➎ ✯ ✹ ✱ ✷ ✭ ✳ ✵ ✺ ✿ ✱ ✭ ✰ ✭ ❏ ❆ ✹ ✺ ✳ P ✯ ✲ ✭ ✱ ✯ ✿ ✵ ✺ ✿ ✱ ✭ ✰ ➓ ❍ ❋ ❩ ✲ ✭ ✹ ✷ ➔ ❄ ➑ ✷ ✭ ✺ ✳ ✹ ✴ ✿ ❆ ✾ ✿ ✭ ✹ ✴ ✿ ✺ ❏ ➎ ✯ ✹ ❏ ✰ ✺ ✭ ❏ ✯ ✱ ✰ ✴ ✴ ✲ ✱ ✭ ✲ ✮ ✭ ✰ ✯ ✱ ❆ ✰ ✭
❆ ✳ ✱ ✺ ✿ ✯ ✻ ✴ ✳ ✹ ✱ ✯ ✳ ✱ ➎ ✭ ✺ P ✷ ✱ ➎ ✯ ✹ ✴ ✾ ✱ ✯ ✺ ✳ ✭ ❏ ✯ ✳ ❏ ✱ ✷ ✭ ✮ ✭ ✰ ✻ ✭ ✳ ✱ ✯ P ✭ ✻ ✯ ✿ ✻ ❆ ✿ ✯ ✱ ✭ ❏ ❄
➩ ➫ ➴ ➫ ➩ ➫ ❒
➽ ➱ ➲ ➳ ➠ ➲ ❮ ➲ ➢ ➾ ➵ ➚ ➽ ➲ ➘
➮
➾ ➚ ➲ ➢ ❰ ➠ ➹ Ï
❒
❮
➮
❰ Ð
➫
❉ ➑ ✷ ✭ ✰ ✲ ✴ Ñ ✺ ✻ ✴ ✿ ✭ ✱ Ñ ◆ Ò ❁ ✽ ✹ ✮ ✭ ✻ ✱ ✰ ✴ ✲ ✭ ✱ ✭ ✰ ✯ ✿ ✴ ✳ P ➎ ✺ ✱ ✷ ✯ ✳
❀ ▲ ➑ ➓ ✲ ✭ ✰ ✻ ❆ ✰ ✸ ✻ ✯ ❏ ✲ ✺ ❆ ✲ ✱ ✭ ✿ ✿ ❆ ✰ ✺ ❏ ✭ ➔ ❏ ✭ ✱ ✭ ✻ ✱ ✴ ✰ ✻ ✴ ✴ ✿ ✭ ❏ ✾ ✸ ✿ ✺ ➐ ❆ ✺ ❏ ✳ ✺ ✱ ✰ ✴ P ✭ ✳ ➎ ✯ ✹ ❆ ✹ ✭ ❏ ✵ ✴ ✰ ✯ ✿ ✿ ✱ ✷ ✭ ➜ ➑ ❅ ◗
✯ ✳ ✯ ✿ ✸ ✹ ✺ ✹ ❄ ➑ ✷ ✭ ✹ ✮ ✭ ✻ ✱ ✰ ✴ ✲ ✭ ✱ ✭ ✰ ➎ ✯ ✹ ✻ ✴ ❆ ✮ ✿ ✭ ❏ ➎ ✺ ✱ ✷ ✯ ✹ ✺ ✳ P ✿ ✭ ✰ ✭ ✵ ✿ ✭ ✻ ✱ ✺ ✴ ✳ ❏ ✺ ✯ ✲ ✴ ✳ ❏ ❉ ➑ ◗ ✻ ✭ ✿ ✿ ➓ ➥ ✰ ✯ ✹ ✭ ✾ ✸ ✽ ✮ ✭ ✻ ✯ ✻ ✼
❁ ❄ ❯ ➔ ❄ ➑ ✷ ✺ ✹ ✹ ✭ ✱ ❆ ✮ ✷ ✯ ✹ ✱ ✷ ✭ ✱ ✰ ✯ ❏ ✭ ✳ ✯ ✲ ✭ Ó ➥ ✴ ✿ ❏ ✭ ✳ ➥ ✯ ✱ ✭ Ó ❄ ➑ ✷ ✭ ✵ ✺ ✿ ✲ ➎ ✯ ✹ ✮ ✿ ✯ ✻ ✭ ❏ ✴ ✳ ✱ ✴ ✮ ✴ ✵ ✱ ✷ ✭ ✻ ✰ ✸ ✹ ✱ ✯ ✿ ❏ ✺ ✯ ✲ ✴ ✳ ❏
✯ ✳ ❏ ✱ ✷ ✭ ✹ ✮ ✭ ✻ ✱ ✰ ✯ ✴ ✵ ✱ ✷ ✭ ✵ ✺ ✿ ✲ ✹ ✱ ✯ ❊ ✭ ✳ ❄ ➑ ✷ ✭ ➎ ✯ ❂ ✭ ✿ ✭ ✳ P ✱ ✷ ✴ ✵ ✺ ✳ ✱ ✭ ✰ ✭ ✹ ✱ ✰ ✯ ✳ P ✭ ❏ ✵ ✰ ✴ ✲ ● ❩ ❩ ✱ ✴ ➝ ❩ ❩ ❩ ✻ ✲ Ô ✫ ✯ ✳ ❏ ➎ ✯ ✹
✻ ✴ ✿ ✿ ✭ ✻ ✱ ✭ ❏ ➎ ✺ ✱ ✷ ✯ ✰ ✭ ✹ ✴ ✿ ❆ ✱ ✺ ✴ ✳ ✴ ✵ ➝ ✻ ✲ Ô ✫ ✯ ✳ ❏ ❈ ➝ ✹ ✻ ✯ ✳ ✹ ❄ → ✲ ✳ ✺ ✻ ✹ ✴ ✵ ✱ ➎ ✯ ✰ ✭ ➎ ✯ ✹ ❆ ✹ ✭ ❏ ✱ ✴ ✻ ✴ ✿ ✿ ✭ ✻ ✱ ✯ ✳ ❏ ✯ ✳ ✯ ✿ ✸ ✹ ✭ ✱ ✷ ✭
✹ ✮ ✭ ✻ ✱ ✰ ✯ ❄
➩ ➫ ➴ ➫ ➴ ➫
❮ ➪ ➠ ➲ ➘ ➽ Õ ➲ ➢ Ö ➳ ➘ ➠ ➡ ➲ × Ø ➾ ➢ ➤ × ➬ ➠ ➲ Ï ❮ Ù Ø Ð
➫
❉ ✿ ✿ ➑ ➥ ❉ ✲ ✭ ✯ ✹ ❆ ✰ ✭ ✲ ✭ ✳ ✱ ✹ ➎ ✭ ✰ ✭ ✮ ✭ ✰ ✵ ✴ ✰ ✲ ✭ ❏ ✴ ✳ ✯ ❀ ✭ ✱ ✱ ✿ ✭ ✰
➑ ✴ ✿ ✭ ❏ ✴ ➑ ➥ ❋ ❩ ➑ ✷ ✭ ✰ ✲ ✴ P ✰ ✯ ❂ ✺ ✲ ✭ ✱ ✰ ✺ ✻ ❉ ✳ ✯ ✿ ✸ ✹ ✭ ✰ ❆ ✹ ✺ ✳ P ✯ ✳ ✯ ✿ ❆ ✲ ✺ ✳ ✯ ✻ ✰ ❆ ✻ ✺ ✾ ✿ ✭ ❄ ✬ ✯ ✱ ✯ ➎ ✯ ✹ ✰ ✭ ✻ ✴ ✰ ❏ ✭ ❏ ✯ ✱ ✯ ✷ ✭ ✯ ✱ ✺ ✳ P
✰ ✯ ✱ ✭ ✴ ✵ ■ ❩ Ú ▲ ↔ ✲ ✺ ✳ ✾ ✭ ✱ ➎ ✭ ✭ ✳ ❇ ❋ ✯ ✳ ❏ ❐ ❩ ❩ Ú ▲ ✯ ✵ ✱ ✭ ✰ ✯ ✳ ✺ ✳ ✺ ✱ ✺ ✯ ✿ ✺ ✹ ✴ ✱ ✷ ✭ ✰ ✲ ✯ ✿ ✹ ✱ ✯ P ✭ ➎ ✷ ✭ ✰ ✭ ✱ ✷ ✭ ✹ ✯ ✲ ✮ ✿ ✭ ➎ ✯ ✹ ❊ ✭ ✮ ✱ ✯ ✱
❇ ❋ Ú ▲ ✵ ✴ ✰ ❍ ❋ ✲ ✺ ✳ ❆ ✱ ✭ ✹ ❄ ➑ ✷ ✭ ✯ ✳ ✯ ✿ ✸ ✹ ✺ ✹ ➎ ✯ ✹ ✮ ✭ ✰ ✵ ✴ ✰ ✲ ✭ ❏ ❆ ✳ ❏ ✭ ✰ ✯ ✳ ✺ ✱ ✰ ✴ P ✭ ✳ ✯ ✱ ✲ ✴ ✹ ✮ ✷ ✭ ✰ ✭ ➎ ✺ ✱ ✷ ✯ ✵ ✿ ✴ ➎ ✰ ✯ ✱ ✭ ✴ ✵ ❍ ❩
✲ ✿ ↔ ✲ ✺ ✳ ❄
➩ ➫ ➴ ➫ Û ➫ Ü
➢ ➡ ➠ ➲ Ö ➢ ➼ ➽ ➱ ➲ ➡ ➲ ➢ ➾ ➵ ➘ ➳ ➵ ➵ ➳ ➽ ➾ ➲ ➢ ➡ ➠ Ï
Ü Ý
❮ ❰ Ð
➫
❉ ✳ ✭ ➏ ✮ ✭ ✰ ✺ ✲ ✭ ✳ ✱ ✯ ✿ ✮ ✰ ✴ ✻ ✭ ❏ ❆ ✰ ✭ ✱ ✴ ✲ ✭ ✯ ✹ ❆ ✰ ✭ ✱ ✷ ✭ ❙ Þ ➑ ◗
➎ ✯ ✹ ✻ ✴ ✳ ❏ ❆ ✻ ✱ ✭ ❏ ❆ ✹ ✺ ✳ P ✯ ✿ ❆ ✲ ✺ ✳ ✺ ❆ ✲ ✶ ✯ ✸ ✳ ✭ ✻ ❆ ✮ ✹ ➓ ✹ ❆ ✮ ✮ ✿ ✺ ✭ ❏ ✾ ✸ ✽ ✷ ✭ ✭ ✳ ❅ ✳ ✹ ✱ ✰ ❆ ✲ ✭ ✳ ✱ ✹ ➔ ➎ ✺ ✱ ✷ ✭ ➏ ✮ ✴ ✹ ✭ ❏ ✹ ❆ ✰ ✵ ✯ ✻ ✭
✯ ✰ ✭ ✯ ✴ ✵ ❍ ❩ ✻ ✲ ❑ ✯ ✳ ❏ ✻ ✴ ✳ ✱ ✯ ✺ ✳ ✺ ✳ P ✹ ✺ ✿ ✺ ✻ ✯ P ✭ ✿ ❏ ✭ ✹ ✺ ✻ ✻ ✯ ✳ ✱ ➓ ❐ P ✺ ✳ ✭ ✯ ✻ ✷ ✻ ❆ ✮ ➔ ✼ ➎ ✷ ✺ ✻ ✷ ✺ ✹ ✻ ✿ ✴ ✹ ✭ ❏ ✾ ✸ ✱ ✷ ✭ ✲ ✯ ✱ ✭ ✰ ✺ ✯ ✿ ✱ ✴
✾ ✭ ✱ ✭ ✹ ✱ ✭ ❏ ✯ ✳ ❏ ❏ ✰ ✺ ✭ ❏ ✴ ❂ ✭ ✰ ✳ ✺ P ✷ ✱ ✺ ✳ ✯ ✳ ✴ ❂ ✭ ✳ ✯ ✱ ❍ ❩ ❩ ➞ ▲ ❄ ➑ ✷ ✭ ✻ ❆ ✮ ✹ ➎ ✭ ✰ ✭ ✮ ✿ ✯ ✻ ✭ ❏ ✺ ✳ ✯ ✻ ✴ ✳ ✱ ✰ ✴ ✿ ✿ ✭ ❏ ✯ ✱ ✲ ✴ ✹ ✮ ✷ ✭ ✰ ✭
➓ ✷ ❆ ✲ ✺ ❏ ✺ ✱ ✸ ✻ ✷ ✯ ✲ ✾ ✭ ✰ ➔ ❄ ➑ ✷ ✭ ✻ ❆ ✮ ✹ ➎ ✭ ✰ ✭ ➎ ✭ ✺ P ✷ ✭ ❏ ✯ ✱ ✹ ❆ ✺ ✱ ✯ ✾ ✿ ✭ ✱ ✺ ✲ ✭ ✺ ✳ ✱ ✭ ✰ ❂ ✯ ✿ ✹ ✯ ✳ ❏ ✱ ✷ ✭ ❙ Þ ➑ ◗ ➎ ✭ ✰ ✭
❏ ✭ ✱ ✭ ✰ ✲ ✺ ✳ ✭ ❏ ✵ ✰ ✴ ✲ ✱ ✷ ✭ ✺ ✳ ✻ ✰ ✭ ✯ ✹ ✭ ✺ ✳ ✲ ✯ ✹ ✹ ➎ ✷ ✭ ✳ ✱ ✷ ✺ ✹ ✺ ✳ ✻ ✰ ✭ ✯ ✹ ✭ ✷ ✯ ❏ ✾ ✭ ✻ ✴ ✲ ✭ ✮ ✰ ✴ ✮ ✴ ✰ ✱ ✺ ✴ ✳ ✯ ✿ ✱ ✴ ✱ ✷ ✭ ✱ ✺ ✲ ✭ ✺ ✳ ✱ ✭ ✰ ❂ ✯ ✿ ❄
➑ ✷ ✭ ❙ Þ ➑ ◗ ✰ ✭ ✹ ❆ ✿ ✱ ➎ ✯ ✹ ✻ ✯ ✿ ✻ ❆ ✿ ✯ ✱ ✭ ❏ ✵ ✰ ✴ ✲ ✱ ✷ ✭ ✭ ➐ ❆ ✯ ✱ ✺ ✴ ✳ ➓ ❍ ➔ ↕ ❐ ➙ ❄
❙ Þ ➑ ◗ ß ➓ ■ ➝ ❩ ➏ ✲ ➔ ↔ ➓ ✽ ➏ ✱ ➔ ➓ ❍ ➔
➎ ✷ ✭ ✰ ✭ ✺ ✹ ✱ ✷ ✭ ✱ ✴ ✱ ✯ ✿ ❏ ❆ ✰ ✯ ✱ ✺ ✴ ✳ ✺ ✳ ✷ ✴ ❆ ✰ ✹ ✼ ✲ ✺ ✹ ✱ ✷ ✭ ✺ ✳ ✻ ✰ ✭ ✯ ✹ ✭ ✺ ✳ ✲ ✯ ✹ ✹ ✺ ✳ ✲ ✺ ✿ ✿ ✺ P ✰ ✯ ✲ ✹ ✴ ✵ ✱ ✷ ✭ ✯ ✹ ✹ ✭ ✲ ✾ ✿ ✸ ❏ ❆ ✰ ✺ ✳ P ✱ ✷ ✭
✱ ✺ ✲ ✭ ✱ ✼ ✯ ✳ ❏ ✽ ✺ ✹ ✹ ❆ ✰ ✵ ✯ ✻ ✭ ✯ ✰ ✭ ✯ ✭ ➏ ✮ ✴ ✹ ✭ ❏ ✾ ✸ ✱ ✷ ✭ ✶ ✯ ✸ ✳ ✭ ✻ ❆ ✮ ✹ ❄ ✽ ✷ ✭ ✿ ✿ ✯ ✻ ✯ ✳ ❏ ✶ ◆ ➥ ↔ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✵ ✺ ✿ ✲ ✹ ➎ ✭ ✰ ✭
✭ ➐ ❆ ✺ ✿ ✺ ✾ ✰ ✯ ✱ ✭ ❏ ✺ ✳ ✱ ✷ ✭ ✷ ❆ ✲ ✺ ❏ ✺ ✱ ✸ ✴ ❂ ✭ ✳ ✯ ✱ ■ ❇ Ú ▲ ✯ ✳ ❏ ❐ ❋ ➟ ✰ ✭ ✿ ✯ ✱ ✺ ❂ ✭ ✷ ❆ ✲ ✺ ❏ ✺ ✱ ✸ ➓ ◗ ❘ ➔ ✵ ✴ ✰ ■ ➝ ✷ ✴ ❆ ✰ ✹ ✾ ✭ ✵ ✴ ✰ ✭
✮ ✭ ✰ ✵ ✴ ✰ ✲ ✺ ✳ P ✱ ✷ ✭ ❙ Þ ➑ ◗ ✲ ✭ ✯ ✹ ❆ ✰ ✭ ✲ ✭ ✳ ✱ ❄ ➑ ✷ ✭ ✰ ✭ ✿ ✯ ✱ ✺ ❂ ✭ ✷ ❆ ✲ ✺ ❏ ✺ ✱ ✺ ✭ ✹ ✴ ✵ ❐ ❋ ➟ ➎ ✭ ✰ ✭ ✯ ✻ ✷ ✺ ✭ ❂ ✭ ❏ ✾ ✸ ✮ ✿ ✯ ✻ ✺ ✳ P
✹ ✯ ✱ ❆ ✰ ✯ ✱ ✭ ❏ ✮ ✴ ✱ ✯ ✹ ✹ ✺ ❆ ✲ ✻ ✷ ✿ ✴ ✰ ✺ ❏ ✭ ✹ ✯ ✿ ✱ ✹ ✴ ✿ ❆ ✱ ✺ ✴ ✳ ✹ ✼ ✺ ✳ ✯ ✷ ❆ ✲ ✺ ❏ ✺ ✱ ✸ ✻ ✷ ✯ ✲ ✾ ✭ ✰ ↕ ➸ ➙ ❄
à ➌ á
★ ✦ ✆ ✙ ✔ ✂ ✞ ✝ â ✄ ✦ ✥ ✆ ✦ ✦ ✄ ✍ ✞
➜ ✺ P ❆ ✰ ✭ ■ ✹ ✷ ✴ ➎ ✹ ✱ ✷ ✭ ✺ ✳ ✹ ✴ ✿ ❆ ✾ ✿ ✭ ✹ ✴ ✿ ✺ ❏ ✴ ✵ ✾ ✴ ✱ ✷ ✳ ✯ ✱ ✺ ❂ ✭ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ➓ ✳ ✴ ✶ ◆ ➥ ✮ ✰ ✭ ✹ ✭ ✳ ✻ ✭ ✺ ✳ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ➔ ✯ ✳ ❏ ✹ ✷ ✭ ✿ ✿ ✯ ✻
✮ ✿ ✯ ✹ ✱ ✺ ✻ ✺ ➣ ✭ ❏ ✾ ✸ ✶ ◆ ➥ ✴ ✵ ❏ ✺ ✵ ✵ ✭ ✰ ✭ ✳ ✱ ✲ ✴ ✿ ✭ ✻ ❆ ✿ ✯ ✰ ➎ ✭ ✺ P ✷ ✱ ✯ ✵ ✱ ✭ ✰ ✷ ✭ ✯ ✱ ✺ ✳ P ✯ ✱ ❍ ■ ❋ ➞ ▲ ✵ ✴ ✰ ✯ ❏ ✺ ✵ ✵ ✭ ✰ ✭ ✳ ✱ ✱ ✺ ✲ ✭ ✼ ✺ ❄ ✭ ❄ ✼ ✼ ❍ ❩ ✼
❇ ❩ ✼ ➸ ❩ ✼ ❍ ❐ ❩ ✼ ❇ ❈ ❩ ✲ ✺ ✳ ❆ ✱ ✭ ✹ ❄ ❅ ✱ ✹ ✷ ✴ ➎ ✹ ✱ ✷ ✯ ✱ ✱ ✷ ✭ ✺ ✳ ✹ ✴ ✿ ❆ ✾ ✿ ✭ ✹ ✴ ✿ ✺ ❏ ✺ ✳ ✻ ✰ ✭ ✯ ✹ ✭ ✹ ➎ ✺ ✱ ✷ ✺ ✳ ✻ ✰ ✭ ✯ ✹ ✺ ✳ P ✷ ✭ ✯ ✱ ✺ ✳ P ✱ ✺ ✲ ✭ ✯ ✰ ✭
✺ ✳ ❏ ✺ ✻ ✯ ✱ ✺ ✳ P ✱ ✷ ✯ ✱ ✱ ✷ ✭ ❏ ✭ P ✰ ✭ ✭ ✴ ✵ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ➣ ✯ ✱ ✺ ✴ ✳ ✺ ✳ ✻ ✰ ✭ ✯ ✹ ✭ ✹ ➎ ✺ ✱ ✷ ✺ ✳ ✻ ✰ ✭ ✯ ✹ ✺ ✳ P ✷ ✭ ✯ ✱ ✺ ✳ P ✱ ✺ ✲ ✭ ✵ ✴ ✰ ✾ ✴ ✱ ✷ ✳ ✯ ✱ ✺ ❂ ✭
✹ ✷ ✭ ✿ ✿ ✯ ✻ ✯ ✳ ❏ ✮ ✿ ✯ ✹ ✱ ✺ ✻ ✺ ➣ ✭ ❏ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✹ ❄ ❙ ✷ ✭ ✳ ✹ ✯ ✲ ✮ ✿ ✭ ✹ ➎ ✭ ✰ ✭ ✷ ✭ ✯ ✱ ✭ ❏ ✼ ✱ ✷ ✭ ✭ ✳ ✭ ✰ P ✸ ➎ ✺ ✿ ✿ ✾ ✰ ✭ ✯ ❊ ✱ ✷ ✭ ✻ ✯ ✰ ✾ ✴ ➏ ✸ ✿ ✾ ✴ ✳ ❏
10th Joint Conference on Chemistry IOP Publishing
IOP Conf. Series: Materials Science and Engineering 107 (2016) 012066 doi:10.1088/1757-899X/107/1/012066
ã
✱ ✴ ✻ ✰ ✭ ✯ ✱ ✭ ✭ ✹ ✱ ✭ ✰ ❄ ➑ ✷ ✭ ✿ ✴ ✳ P ✭ ✰ ✱ ✷ ✭ ✷ ✭ ✯ ✱ ✺ ✳ P ✼ ✱ ✷ ✭ ✷ ✺ P ✷ ✭ ✰ ✯ ✲ ✴ ❆ ✳ ✱ ✴ ✵ ✭ ✹ ✱ ✭ ✰ ✮ ✰ ✴ ❏ ❆ ✻ ✭ ❏ ❄ ➑ ✷ ✭ ✹ ✭ ✰ ✭ ✹ ❆ ✿ ✱ ✹ ✹ ❆ P P ✭ ✹ ✱ ✱ ✷ ✯ ✱
✮ ✿ ✯ ✹ ✱ ✺ ✻ ✺ ➣ ✭ ✰ ✮ ✴ ✿ ✸ ✭ ✱ ✷ ✸ ✿ ✭ ✳ ✭ P ✿ ✸ ✻ ✴ ✿ ✺ ✲ ✮ ✰ ✴ ❂ ✭ ❏ ✱ ✷ ✭ ✹ ✱ ✯ ✾ ✺ ✿ ✺ ✱ ✸ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✯ ✿ ✱ ✷ ✴ ❆ P ✷ ✺ ✱ ❏ ✺ ❏ ✳ ✴ ✱ ✹ ✱ ✴ ✮ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ➣ ✯ ✱ ✺ ✴ ✳
✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ❄ ➑ ✷ ✭ → ❲ ❘ P ✰ ✴ ❆ ✮ ✴ ✵ ✶ ◆ ➥ ✲ ✯ ✸ ✮ ✰ ✴ ✱ ✭ ✻ ✱ ✱ ✷ ✭ ✻ ✯ ✰ ✾ ✴ ➏ ✸ ✿ P ✰ ✴ ❆ ✮ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✰ ✭ ✹ ❆ ✿ ✱ ✺ ✳ P ✾ ✴ ✳ ❏ ✺ ✳ P ✺ ✳
✶ ◆ ➥ ↔ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✺ ✹ ✹ ✱ ✰ ✴ ✳ P ✭ ✰ ✱ ✷ ✯ ✳ ✱ ✷ ✯ ✱ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ❄ ❉ ✹ ✺ ✲ ✺ ✿ ✯ ✰ ✱ ✰ ✭ ✳ ❏ ✴ ✵ ✱ ✷ ✭ ✺ ✳ ✹ ✴ ✿ ❆ ✾ ✿ ✭ ✹ ✴ ✿ ✺ ❏ ✱ ✭ ✹ ✱ ➎ ✯ ✹ ✯ ✿ ✹ ✴ ✰ ✭ ✮ ✴ ✰ ✱ ✭ ❏
✾ ✸ ❉ ✳ ✯ ✳ ↕ ● ➙ ❆ ✹ ✺ ✳ P ✶ ◆ ➥ ■ ❩ ❩ ✼ ➝ ❩ ❩ ❩ ✼ ✯ ✳ ❏ ➝ ❩ ❩ ❩ ❄ ❅ ✱ ✯ ✿ ✹ ✴ ✹ ✷ ✴ ➎ ✭ ❏ ✱ ✷ ✯ ✱ ✶ ◆ ➥ ❍ ❩ ❩ ❩ P ✯ ❂ ✭ ✱ ✷ ✭ ✲ ✴ ✹ ✱ ✹ ✱ ✯ ✾ ✿ ✭ ✭ ✵ ✵ ✭ ✻ ✱
✴ ✳ ✮ ✰ ✴ ✱ ✭ ✻ ✱ ✺ ✳ P ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✻ ✴ ✲ ✮ ✯ ✰ ✭ ❏ ✱ ✴ ✶ ◆ ➥ ■ ❩ ❩ ❩ ❄ ➑ ✷ ✭ ✯ ✲ ✴ ❆ ✳ ✱ ✴ ✵ ✻ ✯ ✰ ✾ ✴ ➏ ✸ ✿ P ✰ ✴ ❆ ✮ ✱ ✷ ✯ ✱ ✻ ✯ ✳ ✾ ✭ ✮ ✰ ✴ ✱ ✭ ✻ ✱ ✭ ❏ ✾ ✸
✶ ◆ ➥ ❍ ❩ ❩ ❩ ✲ ✯ ✸ ✾ ✭ ✷ ✺ P ✷ ✭ ✰ ✱ ✷ ✯ ✳ ✱ ✷ ✯ ✱ ✴ ✵ ✶ ◆ ➥ ■ ❩ ❩ ❩ ✯ ✹ ✶ ◆ ➥ ■ ❩ ❩ ❩ ✷ ✯ ✹ ✿ ✴ ✳ P ✭ ✰ ✲ ✴ ✿ ✭ ✻ ❆ ✿ ✯ ✰ ✻ ✷ ✯ ✺ ✳ ✹ ❄
✤ ✄ ✩ ✆ ☎ ★
➦ ➌
◆ ✵ ✵ ✭ ✻ ✱ ✴ ✵ ✶ ◆ ➥ ✴ ✳ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✹ ✱ ✯ ✾ ✺ ✿ ✺ ✱ ✸ ❂ ✺ ✯ ✺ ✳ ✹ ✴ ✿ ❆ ✾ ✿ ✭
❅ ❏ ✭ ✳ ✱ ✺ ✵ ✺ ✻ ✯ ✱ ✺ ✴ ✳ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ➣ ✯ ✱ ✺ ✴ ✳ ❆ ✹ ✺ ✳ P ➜ ➑ ❅ ◗ ✷ ✯ ✹ ✳ ✴ ✱ ✾ ✭ ✭ ✳ ✰ ✭ ✮ ✴ ✰ ✱ ✭ ❏ ✹ ✴ ✵ ✯ ✰ ✺ ✳ ✱ ✷ ✭ ✿ ✺ ✱ ✭ ✰ ✯ ✱ ❆ ✰ ✭ ❄
❉ ✻ ✻ ✴ ✰ ❏ ✺ ✳ P ✱ ✴ ✮ ✰ ✴ ✮ ✴ ✹ ✭ ❏ ✲ ✭ ✻ ✷ ✯ ✳ ✺ ✹ ✲ ✺ ✳ ➜ ✺ P ❆ ✰ ✭ ❍ ✼ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ➣ ✯ ✱ ✺ ✴ ✳ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✺ ✹ ✱ ✷ ❆ ✹ ✯ ✹ ✹ ✺ P ✳ ✭ ❏ ✾ ✸ ✱ ✷ ✭
✺ ✳ ✻ ✰ ✭ ✯ ✹ ✭ ✴ ✵ ✮ ✭ ✯ ❊ ✺ ✳ ✱ ✭ ✳ ✹ ✺ ✱ ✸ ✾ ✯ ✳ ❏ ✹ ✴ ✵ ▲ ß → ✹ ✱ ✰ ✭ ✱ ✻ ✷ ✺ ✳ P ✴ ✵ ✭ ✹ ✱ ✭ ✰ ❍ ● ❩ ➸ ✻ ✲ Ô ✫ ✯ ✳ ❏ ✱ ✷ ✭ ❏ ✭ ✻ ✰ ✭ ✯ ✹ ✭ ✴ ✵ ✯ ✹ → ❲ ❘
✹ ✱ ✰ ✭ ✱ ✻ ✷ ✺ ✳ P ✴ ✵ ✱ ✷ ✭ ✷ ✸ ❏ ✰ ✴ ➏ ✸ ✿ P ✰ ✴ ❆ ✮ ✯ ✱ ❇ ➝ ❩ ❩ ✻ ✲ Ô ✫ ❄ ➑ ✷ ✭ ✺ ✳ ✱ ✭ ✳ ✹ ✺ ✱ ✸ ✴ ✵ ✱ ✷ ✭ ✾ ✯ ✳ ❏ ✯ ✱ ■ ➸ ➝ ■ ✻ ✲ Ô ✫ ✴ ✻ ✻ ❆ ✰ ✹ ❏ ❆ ✭ ✱ ✴ ✱ ✷ ✭
▲ ❲ ❘ ✹ ✱ ✰ ✭ ✱ ✻ ✷ ✺ ✳ P ❂ ✺ ✾ ✰ ✯ ✱ ✺ ✴ ✳ ↕ ❍ ❩ ➙ ✯ ✳ ❏ ❏ ✴ ✭ ✹ ✳ ✴ ✱ ✻ ✷ ✯ ✳ P ✭ ➎ ✺ ✱ ✷ ✯ ✻ ✷ ✯ ✳ P ✭ ✺ ✳ ✱ ✷ ✭ ❏ ✭ P ✰ ✭ ✭ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻
✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ➣ ✯ ✱ ✺ ✴ ✳ ❄ ➑ ✷ ✭ ✰ ✭ ✵ ✴ ✰ ✭ ✼ ✱ ✷ ✭ ✺ ✳ ✱ ✭ ✳ ✹ ✺ ✱ ✸ ✰ ✯ ✱ ✺ ✴ ✹ ✴ ✵ ✱ ✷ ✭ ✾ ✯ ✳ ❏ ✴ ✵ → ❲ ❘ ✻ ✲ Ô ✫ ✱ ✴ ▲ ❲ ❘ ✼ ✯ ✳ ❏ ✱ ✷ ✭ ✺ ✳ ✱ ✭ ✳ ✹ ✺ ✱ ✸ ✰ ✯ ✱ ✺ ✴ ✹
✴ ✵ ✱ ✷ ✭ ✾ ✯ ✳ ❏ ✴ ✵ ▲ ß → ✱ ✴ ▲ ❲ ❘ ✵ ✰ ✴ ✲ ✯ ✿ ✿ ✵ ✺ ✿ ✲ ✹ ✱ ✷ ✭ ✳ ✻ ✴ ✰ ✰ ✭ ✿ ✯ ✱ ✭ ✹ ✱ ✴ ✱ ✷ ✭ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ➣ ✯ ✱ ✺ ✴ ✳ ✺ ✳ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ❄
➑ ✸ ✮ ✺ ✻ ✯ ✿ ➜ ➑ ❅ ◗ ✹ ✮ ✭ ✻ ✱ ✰ ❆ ✲ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✼ ✶ ◆ ➥ ❍ ❩ ❩ ❩ ↔ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ➓ ❍ ❩ ➎ ✱ ➟ ➔ ✼ ✯ ✳ ❏ ✶ ◆ ➥ ■ ❩ ❩ ❩ ↔ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ➓ ❍ ❩ ➎ ✱ ➟ ➔
✯ ✵ ✱ ✭ ✰ ✷ ✭ ✯ ✱ ✺ ✳ P ✺ ✹ ✹ ✷ ✴ ➎ ✳ ✺ ✳ ➜ ✺ P ❆ ✰ ✭ ❇ P ✺ ❂ ✺ ✳ P ✱ ✷ ✭ ✺ ✳ ✵ ✴ ✰ ✲ ✯ ✱ ✺ ✴ ✳ ✴ ✵ ✮ ✭ ✯ ❊ ✺ ✳ ✱ ✭ ✳ ✹ ✺ ✱ ✸ ✾ ✯ ✳ ❏ ✹ ✴ ✵ ▲ ß → ✼ → ❲ ❘ ✼ ✯ ✳ ❏ ▲ ❲
❘ ❏ ❆ ✭ ✱ ✴ ✷ ✭ ✯ ✱ ✺ ✳ P ❄ ➑ ✷ ✭ ✮ ✭ ✯ ❊ ✺ ✳ ✱ ✭ ✳ ✹ ✺ ✱ ✺ ✭ ✹ ✴ ✵ → ❲ ❘ ✱ ✴ ▲ ❲ ❘ ✯ ✳ ❏ ▲ ß → ✱ ✴ ▲ ❲ ❘ ➎ ✭ ✰ ✭ ✰ ✯ ✱ ✺ ✴ ✳ ✭ ❏ ✼ ✯ ✳ ❏ ✱ ✷ ✭ ✰ ✭ ✹ ❆ ✿ ✱ ✹
✯ ✰ ✭ P ✺ ❂ ✭ ✳ ✺ ✳ ➜ ✺ P ❆ ✰ ✭ ➝ ✯ ✳ ❏ ➜ ✺ P ❆ ✰ ✭ ❋ ✼ ✰ ✭ ✹ ✮ ✭ ✻ ✱ ✺ ❂ ✭ ✿ ✸ ❄ ❅ ✱ ✹ ✷ ✴ ➎ ✭ ❏ ✱ ✷ ✯ ✱ ✱ ✷ ✭ ✮ ✭ ✯ ❊ ✺ ✳ ✱ ✭ ✳ ✹ ✺ ✱ ✸ ✰ ✯ ✱ ✺ ✴ ✹ ✴ ✵ → ❲ ❘ ✱ ✴ ▲ ❲
❘ ❏ ✭ ✻ ✰ ✭ ✯ ✹ ✭ ❏ ➎ ✷ ✺ ✿ ✭ ✱ ✷ ✭ ✮ ✭ ✯ ❊ ✺ ✳ ✱ ✭ ✳ ✹ ✺ ✱ ✸ ✰ ✯ ✱ ✺ ✴ ✴ ✵ ▲ ß → ✱ ✴ ▲ ❲ ❘ ✺ ✳ ✻ ✰ ✭ ✯ ✹ ✭ ❏ ✺ ✳ ❏ ✺ ✻ ✯ ✱ ✺ ✳ P ✱ ✷ ✯ ✱ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ➣ ✯ ✱ ✺ ✴ ✳
✴ ✻ ✻ ❆ ✰ ✰ ✭ ❏ ✺ ✳ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✯ ✳ ❏ ✮ ✿ ✯ ✹ ✱ ✺ ✻ ✺ ➣ ✭ ❏ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✹ ❆ ✮ ✮ ✴ ✰ ✱ ✺ ✳ P ✺ ✳ ✹ ✴ ✿ ❆ ✾ ✿ ✭ ✹ ✴ ✿ ✺ ❏ ✱ ✭ ✹ ✱ ✺ ✳ ➜ ✺ P ❆ ✰ ✭ ❍ ❄ ➑ ✷ ✭ ✰ ✯ ✱ ✭ ✴ ✵ ✮ ✭ ✯ ❊
✺ ✳ ✱ ✭ ✳ ✹ ✺ ✱ ✸ ✰ ✯ ✱ ✺ ✴ ✴ ✵ → ❲ ❘ ✱ ✴ ▲ ❲ ❘ ✯ ✳ ❏ ▲ ß → ✱ ✴ ▲ ❲ ❘ ✺ ✹ ✱ ✷ ✭ ✹ ✲ ✯ ✿ ✿ ✭ ✹ ✱ ✺ ✳ ✶ ◆ ➥ ❍ ❩ ❩ ❩ ↔ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✼ ✵ ✴ ✿ ✿ ✴ ➎ ✭ ❏ ✾ ✸
✶ ◆ ➥ ■ ❩ ❩ ❩ ↔ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✼ ✯ ✳ ❏ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ❄
10th Joint Conference on Chemistry IOP Publishing
IOP Conf. Series: Materials Science and Engineering 107 (2016) 012066 doi:10.1088/1757-899X/107/1/012066
ä
✤ ✄ ✩ ✆ ☎ ★
à ➌
➜ ➑ ❅ ◗ ✹ ✮ ✭ ✻ ✱ ✰ ❆ ✲ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✯ ✳ ❏ ✶ ◆ ➥ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✹ ✸ ✹ ✱ ✭ ✲ ✷ ✭ ✯ ✱ ✭ ❏ ✯ ✱ ❍ ■ ❋ å ▲ ✵ ✴ ✰ ❇ ❩ ✲ ✺ ✳ ❆ ✱ ✭ ✹ ❄
✤ ✄ ✩ ✆ ☎ ★ æ
➌
✶ ✭ ✯ ❊ ✺ ✳ ✱ ✭ ✳ ✹ ✺ ✱ ✸ ✾ ✯ ✳ ❏ ✴ ✵ → ❲ ❘ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✼ ✶ ◆ ➥ ❍ ❩ ❩ ❩ ↔ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✼ ✯ ✳ ❏ ✶ ◆ ➥ ■ ❩ ❩ ❩ ↔ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✯ ✵ ✱ ✭ ✰
✷ ✭ ✯ ✱ ✺ ✳ P ✯ ✱ ❍ ■ ❋ å ▲ ✵ ✴ ✰ ❩ ✼ ❇ ❩ ✼ ➸ ❩ ✼ ✯ ✳ ❏ ❍ ❐ ❩ ✲ ✺ ✳ ❆ ✱ ✭ ✹
10th Joint Conference on Chemistry IOP Publishing
IOP Conf. Series: Materials Science and Engineering 107 (2016) 012066 doi:10.1088/1757-899X/107/1/012066
ç
✤ ✄ ✩ ✆ ☎ ★ è
➌
✶ ✭ ✯ ❊ ✺ ✳ ✱ ✭ ✳ ✹ ✺ ✱ ✸ ✾ ✯ ✳ ❏ ✴ ✵ → ❲ ❘ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✼ ✶ ◆ ➥ ❍ ❩ ❩ ❩ ↔ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✼ ✯ ✳ ❏ ✶ ◆ ➥ ■ ❩ ❩ ❩ ↔ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✯ ✵ ✱ ✭ ✰
✷ ✭ ✯ ✱ ✺ ✳ P ✯ ✱ ❍ ■ ❋ å ▲ ✵ ✴ ✰ ❩ ✼ ❇ ❩ ✼ ➸ ❩ ✼ ✯ ✳ ❏ ❍ ❐ ❩ ✲ ✺ ✳ ❆ ✱ ✭ ✹
➑ ✷ ✭ ✱ ✷ ✭ ✰ ✲ ✴ P ✰ ✯ ✲ ✹ ✻ ✴ ✿ ✿ ✭ ✻ ✱ ✭ ❏ ✵ ✰ ✴ ✲ ✱ ✷ ✭ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✼ ✶ ◆ ➥ ❍ ❩ ❩ ❩ ↔ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✼ ✯ ✳ ❏ ✶ ◆ ➥ ■ ❩ ❩ ❩ ↔ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✺ ✹ ✮ ✰ ✭ ✹ ✭ ✳ ✱ ✭ ❏
✺ ✳ ➜ ✺ P ❆ ✰ ✭ ❈ ❄ ❅ ✳ P ✭ ✳ ✭ ✰ ✯ ✿ ✼ ✱ ✷ ✭ ✰ ✭ ✯ ✰ ✭ ❇ ✯ ✰ ✭ ✯ ✹ ✴ ✵ ➎ ✭ ✺ P ✷ ✱ ✿ ✴ ✹ ✹ ❄ ➑ ✷ ✭ ✵ ✺ ✰ ✹ ✱ ➎ ✭ ✺ P ✷ ✱ ✿ ✴ ✹ ✹ ✭ ✹ ✴ ✾ ✹ ✭ ✰ ❂ ✭ ❏ ✺ ✳ ✱ ✷ ✭ ✰ ✯ ✳ P ✭
❇ ❋ ❲ ❍ ❋ ❩ Ú ▲ ✰ ✭ ✿ ✯ ✱ ✭ ✹ ✱ ✴ ➎ ✯ ✱ ✭ ✰ ✴ ✰ ✹ ✴ ✿ ❂ ✭ ✳ ✱ ✮ ✰ ✭ ✹ ✭ ✳ ✱ ✺ ✳ ✱ ✷ ✭ ✹ ✯ ✲ ✮ ✿ ✭ ❄ ➑ ✷ ✭ ✹ ✭ ✻ ✴ ✳ ❏ ➎ ✭ ✺ P ✷ ✱ ✿ ✴ ✹ ✹ ✭ ✹ ✴ ✾ ✹ ✭ ✰ ❂ ✭ ❏ ✺ ✳ ✱ ✷ ✭
✰ ✯ ✳ P ✭ ■ ❋ ❩ é ➝ ● ❋ Ú ▲ ✰ ✭ ✿ ✯ ✱ ✭ ✹ ✱ ✴ ✹ ✱ ✰ ❆ ✻ ✱ ❆ ✰ ✯ ✿ ❏ ✭ ✻ ✴ ✲ ✮ ✴ ✹ ✺ ✱ ✺ ✴ ✳ ✴ ✵ ✱ ✷ ✭ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ❄ ❉ ✾ ✴ ❂ ✭ ❋ ❩ ❩ Ú ▲ ✼ ✰ ✭ ✿ ✯ ✱ ✺ ❂ ✭ ✿ ✸ ✿ ✺ ✱ ✱ ✿ ✭
➎ ✭ ✺ P ✷ ✱ ✺ ✹ ✿ ✴ ✹ ✱ ➎ ✷ ✺ ✻ ✷ ✰ ✭ ✿ ✯ ✱ ✭ ✹ ✱ ✴ ✰ ✭ ✲ ✯ ✺ ✳ ✭ ❏ ✻ ✴ ✲ ✮ ✴ ❆ ✳ ❏ ✴ ✰ ✻ ✯ ✰ ✾ ✴ ✳ ❄ ➑ ✷ ✭ ➑ ➥ ❉ ❏ ✯ ✱ ✯ ✹ ✷ ✴ ➎ ✹ ✱ ✷ ✯ ✱ ✯ ❏ ❏ ✺ ✳ P ✶ ◆ ➥
✺ ✲ ✮ ✰ ✴ ❂ ✭ ❏ ✱ ✷ ✭ ✰ ✲ ✯ ✿ ❏ ✭ P ✰ ✯ ❏ ✯ ✱ ✺ ✴ ✳ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ❄ ✶ ◆ ➥ ❍ ❩ ❩ ❩ ✺ ✳ ✻ ✰ ✭ ✯ ✹ ✭ ❏ ✱ ✷ ✭ ✰ ✲ ✯ ✿ ❏ ✭ P ✰ ✯ ❏ ✯ ✱ ✺ ✴ ✳ ✱ ✭ ✲ ✮ ✭ ✰ ✯ ✱ ❆ ✰ ✭ ✴ ✵
✹ ✷ ✭ ✿ ✿ ✯ ✻ ✾ ✸ ■ ❩ Ú ▲ ✻ ✴ ✲ ✮ ✯ ✰ ✭ ❏ ✱ ✴ ✴ ✳ ✿ ✸ ❋ Ú ▲ ✾ ✸ ✶ ◆ ➥ ■ ❩ ❩ ❩ ❄
➑ ✷ ✭ ➎ ✯ ✱ ✭ ✰ ❂ ✯ ✮ ✴ ❆ ✰ ✱ ✰ ✯ ✳ ✹ ✲ ✺ ✹ ✹ ✺ ✴ ✳ ✰ ✯ ✱ ✭ ➓ ❙ Þ ➑ ◗ ➔ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✼ ✶ ◆ ➥ ❍ ❩ ❩ ❩ ↔ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✼ ✯ ✳ ❏ ✶ ◆ ➥ ■ ❩ ❩ ❩ ↔ ✹ ✷ ✭ ✿ ✿ ✯ ✻
✻ ✴ ✿ ✿ ✭ ✻ ✱ ✭ ❏ ✯ ✱ ❏ ✯ ✸ ❩ ➓ ✹ ✯ ✲ ✮ ✿ ✭ ✹ ➎ ✭ ✰ ✭ ✮ ✰ ✭ ✮ ✯ ✰ ✭ ❏ ➔ ✼ ✯ ✳ ❏ ✯ ✵ ✱ ✭ ✰ ❍ ✲ ✴ ✳ ✱ ✷ ✺ ✹ P ✺ ❂ ✭ ✳ ✺ ✳ ➜ ✺ P ❆ ✰ ✭ ● ❄ ➛ ✴ ➎ ✭ ✰ ❙ Þ ➑ ◗
✻ ✴ ✰ ✰ ✭ ✿ ✯ ✱ ✭ ✹ ✱ ✴ P ✴ ✴ ❏ ➎ ✯ ✱ ✭ ✰ ❂ ✯ ✮ ✴ ❆ ✰ ✾ ✯ ✰ ✰ ✺ ✭ ✰ ✮ ✰ ✴ ✮ ✭ ✰ ✱ ✺ ✭ ✹ ✼ ✯ ✳ ❏ ❂ ✺ ✻ ✭ ❂ ✭ ✰ ✹ ✯ ❄ ❅ ✱ ✹ ✷ ✴ ➎ ✹ ✱ ✷ ✯ ✱ ✯ ❏ ❏ ✺ ✳ P ✶ ◆ ➥ ✰ ✭ ❏ ❆ ✻ ✭ ✹
➎ ✯ ✱ ✭ ✰ ❂ ✯ ✮ ✴ ❆ ✰ ✾ ✯ ✰ ✰ ✺ ✭ ✰ ✮ ✰ ✴ ✮ ✭ ✰ ✱ ✺ ✭ ✹ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ❄ ✶ ◆ ➥ ✲ ✯ ✸ ✾ ✰ ✭ ✯ ❊ ✷ ✸ ❏ ✰ ✴ P ✭ ✳ ✾ ✴ ✳ ❏ ✾ ✭ ✱ ➎ ✭ ✭ ✳ ✲ ✴ ✿ ✭ ✻ ❆ ✿ ✯ ✰ ✻ ✷ ✯ ✺ ✳ ✹
✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✼ ✺ ✳ ✯ ❏ ❏ ✺ ✱ ✺ ✴ ✳ ✱ ✴ ✷ ✸ ❏ ✰ ✴ ✮ ✷ ✺ ✿ ✺ ✻ ✮ ✰ ✴ ✮ ✭ ✰ ✱ ✺ ✭ ✹ ✴ ✵ ✶ ◆ ➥ ❄ ➥ ✭ ✳ ✭ ✰ ✯ ✿ ✿ ✸ ✼ ✶ ◆ ➥ ✰ ✭ ❏ ❆ ✻ ✭ ✹ ➎ ✯ ✱ ✭ ✰ ❂ ✯ ✮ ✴ ❆ ✰ ✾ ✯ ✰ ✰ ✺ ✭ ✰
✮ ✰ ✴ ✮ ✭ ✰ ✱ ✺ ✭ ✹ ✴ ✵ ✱ ✷ ✭ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ↕ ❍ ❩ ➙ ❄ ➑ ✷ ✭ ❏ ✭ ✻ ✰ ✭ ✯ ✹ ✭ ✴ ✵ ➎ ✯ ✱ ✭ ✰ ✾ ✯ ✰ ✰ ✺ ✭ ✰ ✮ ✰ ✴ ✮ ✭ ✰ ✱ ✺ ✭ ✹ ➎ ✯ ✹ ✷ ✺ P ✷ ✭ ✰ ❏ ❆ ✭ ✱ ✴ ✶ ◆ ➥ ■ ❩ ❩ ❩
✱ ✷ ✯ ✳ ✱ ✷ ✯ ✱ ✴ ✵ ✶ ◆ ➥ ❍ ❩ ❩ ❩ ❄ ➜ ❆ ✰ ✱ ✷ ✭ ✰ ✲ ✴ ✰ ✭ ✼ ✱ ✷ ✭ ➎ ✯ ✱ ✭ ✰ ❂ ✯ ✮ ✴ ❆ ✰ ✾ ✯ ✰ ✰ ✺ ✭ ✰ ✮ ✰ ✴ ✮ ✭ ✰ ✱ ✺ ✭ ✹ ❏ ✭ ✻ ✰ ✭ ✯ ✹ ✭ ❏ ✯ ✵ ✱ ✭ ✰ ✴ ✳ ✭ ❲ ✲ ✴ ✳ ✱ ✷
✹ ✱ ✴ ✰ ✯ P ✭ ✺ ✳ ❐ ❋ ➟ ◗ ❘ ✺ ✳ ❏ ✺ ✻ ✯ ✱ ✺ ✳ P ✭ ✺ ✱ ✷ ✭ ✰ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ➣ ✯ ✱ ✺ ✴ ✳ ✴ ✰ ✮ ✭ ✳ ✭ ✱ ✰ ✯ ✱ ✺ ✴ ✳ ✴ ✵ ➎ ✯ ✱ ✭ ✰ ❂ ✯ ✮ ✴ ❆ ✰ ✺ ✳ ✱ ✴ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✻ ✷ ✯ ✺ ✳ ✹
✰ ✭ ❏ ❆ ✻ ✭ ❏ ✱ ✷ ✭ ➎ ✯ ✱ ✭ ✰ ✾ ✯ ✰ ✰ ✺ ✭ ✰ ✮ ✰ ✴ ✮ ✭ ✰ ✱ ✺ ✭ ✹ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ❄
10th Joint Conference on Chemistry IOP Publishing
IOP Conf. Series: Materials Science and Engineering 107 (2016) 012066 doi:10.1088/1757-899X/107/1/012066
ê
✤ ✄ ✩ ✆ ☎ ★ ë
➌
➑ ✷ ✭ ✰ ✲ ✴ P ✰ ✯ ✲ ✹ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✼ ✶ ◆ ➥ ❍ ❩ ❩ ❩ ↔ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✼ ✯ ✳ ❏ ✶ ◆ ➥ ■ ❩ ❩ ❩ ↔ ✹ ✷ ✭ ✿ ✿ ✯ ✻
✤ ✄ ✩ ✆ ☎ ★ ì
➌
❙ ✯ ✱ ✭ ✰ ❂ ✯ ✮ ✴ ❆ ✰ ✱ ✰ ✯ ✳ ✹ ✲ ✺ ✹ ✹ ✺ ✴ ✳ ✰ ✯ ✱ ✭ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✼ ✶ ◆ ➥ ❍ ❩ ❩ ❩ ↔ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✼ ✯ ✳ ❏ ✶ ◆ ➥ ■ ❩ ❩ ❩ ↔ ✹ ✷ ✭ ✿ ✿ ✯ ✻
æ
➌
✧ ✍ ✞ ✥ ✙ ✆ ✦ ✄ ✍ ✞
❅ ✱ ✷ ✯ ✹ ✾ ✭ ✭ ✳ ✹ ✷ ✴ ➎ ✳ ✱ ✷ ✯ ✱ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ➣ ✯ ✱ ✺ ✴ ✳ ✺ ✳ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✯ ✳ ❏ ✮ ✿ ✯ ✹ ✱ ✺ ✻ ✺ ➣ ✭ ❏ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ✴ ✻ ✻ ❆ ✰ ✰ ✭ ❏ ✾ ✸ ✷ ✭ ✯ ✱ ✺ ✳ P ✱ ✷ ✭
✹ ✯ ✲ ✮ ✿ ✭ ✹ ✯ ✱ ❍ ■ ❋ å ▲ ❄ ➑ ✷ ✭ ✮ ✭ ✰ ✻ ✭ ✳ ✱ ✯ P ✭ ✴ ✵ ✱ ✷ ✭ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ➣ ✯ ✱ ✺ ✴ ✳ ✺ ✹ ✺ ✳ ✻ ✰ ✭ ✯ ✹ ✭ ❏ ➎ ✺ ✱ ✷ ✷ ✭ ✯ ✱ ✺ ✳ P ✱ ✺ ✲ ✭ ✯ ✹ ✹ ✷ ✴ ➎ ✳ ✾ ✸
10th Joint Conference on Chemistry IOP Publishing
IOP Conf. Series: Materials Science and Engineering 107 (2016) 012066 doi:10.1088/1757-899X/107/1/012066
í
✱ ✷ ✭ ✺ ✳ ✹ ✴ ✿ ❆ ✾ ✿ ✭ ✹ ✴ ✿ ✺ ❏ ✱ ✭ ✹ ✱ ❄ ➑ ✷ ✭ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ➣ ✯ ✱ ✺ ✴ ✳ ➎ ✯ ✹ ✹ ✿ ✴ ➎ ✭ ❏ ❏ ✴ ➎ ✳ ✾ ✸ ✶ ◆ ➥ ✼ ✯ ✳ ❏ ✱ ✷ ✭ ✲ ✴ ✹ ✱ ✹ ✱ ✯ ✾ ✿ ✭ ✭ ✵ ✵ ✭ ✻ ✱ ➎ ✯ ✹
P ✺ ❂ ✭ ✳ ✾ ✸ ✶ ◆ ➥ ❍ ❩ ❩ ❩ ❄ ➑ ✷ ✭ ✱ ✰ ✭ ✳ ❏ ✴ ✵ ✮ ✴ ✿ ✸ ✲ ✭ ✰ ✺ ➣ ✯ ✱ ✺ ✴ ✳ ➎ ✯ ✹ ✻ ✴ ✳ ✵ ✺ ✰ ✲ ✭ ❏ ✾ ✸ ➜ ➑ ❅ ◗ ✯ ✹ ✹ ✷ ✴ ➎ ✳ ✾ ✸ ✱ ✷ ✭ ❏ ✭ ✻ ✰ ✭ ✯ ✹ ✭ ✴ ✵
✱ ✷ ✭ ✮ ✭ ✯ ❊ ✺ ✳ ✱ ✭ ✳ ✹ ✺ ✱ ✸ ✰ ✯ ✱ ✺ ✴ ✹ ✴ ✵ ✱ ✷ ✭ → ❲ ❘ ✾ ✯ ✳ ❏ ✱ ✴ ▲ ❲ ❘ ✾ ✯ ✳ ❏ ✼ ✯ ✳ ❏ ✱ ✷ ✭ ✺ ✳ ✻ ✰ ✭ ✯ ✹ ✭ ✴ ✵ ✺ ✳ ✱ ✭ ✳ ✹ ✺ ✱ ✸ ✰ ✯ ✱ ✺ ✴ ✴ ✵ ▲ ß → ✾ ✯ ✳ ❏
✱ ✴ ▲ ❲ ❘ ✾ ✯ ✳ ❏ ❄ ❉ ❏ ❏ ✺ ✳ P ✶ ◆ ➥ ❍ ❩ ❩ ❩ ✯ ✳ ❏ ✶ ◆ ➥ ■ ❩ ❩ ❩ ✯ ✿ ✹ ✴ ✺ ✳ ✻ ✰ ✭ ✯ ✹ ✭ ❏ ✱ ✷ ✭ ✰ ✲ ✯ ✿ ❏ ✭ P ✰ ✯ ❏ ✯ ✱ ✺ ✴ ✳ ✱ ✭ ✲ ✮ ✭ ✰ ✯ ✱ ❆ ✰ ✭ ✴ ✵
✹ ✷ ✭ ✿ ✿ ✯ ✻ ❆ ✮ ✱ ✴ ■ ❩ å ▲ ✯ ✳ ❏ ❋ å ▲ ✼ ✰ ✭ ✹ ✮ ✭ ✻ ✱ ✺ ❂ ✭ ✿ ✸ ❄ ➑ ✷ ✭ ➎ ✯ ✱ ✭ ✰ ❂ ✯ ✮ ✴ ❆ ✰ ✾ ✯ ✰ ✰ ✺ ✭ ✰ ✮ ✰ ✴ ✮ ✭ ✰ ✱ ✺ ✭ ✹ ✴ ✵ ✹ ✷ ✭ ✿ ✿ ✯ ✻ ❏ ✭ ✻ ✰ ✭ ✯ ✹ ✭ ❏
✾ ✴ ✱ ✷ ✯ ✵ ✱ ✭ ✰ ✯ ❏ ❏ ✺ ✳ P ✶ ◆ ➥ ✯ ✳ ❏ ✹ ✱ ✴ ✰ ✭ ❏ ✵ ✴ ✰ ❍ ✲ ✴ ✳ ✱ ✷ ✯ ✱ ❐ ❋ ➟ ◗ ❘ ✯ ✱ ■ ● å ▲ ❄
î
✥ ✗ ✞ ✍ ï ✙ ★ ✝ ✩ ★ ✌ ★ ✞ ✔
ð ñ ò ó ô õ ñ ö ÷ ø ó ù ú û ö ü ý ò þ ß ò õ ñ ò   û þ ö û ò ø ✁ ó û ✂ ö ✄ ò ÷ û ☎ ò û õ ✆ ö ÷ ó ü ó ÷ þ ✁ û ß ✝   û õ ò ÷ û ó õ ✁ ö û ó ý ✞ ✟ ✠ ✠ ✡ ☛ ✟ ☞ ✡ ✌ ✍ ✟ ✎ ✡ ✎ ✏
✑ ✒ ✓ ✔ ✕ ✖ ✓ ✗ ✓ ✒ ✘ ✙ ✚ ✛ ✓ ✒ ✜ ✖ ✓ ✢ ✕ ✣ ✤ ✥ ✦ ✧ ★ ✩ ✜ ✕ ✖ ✑ ✪
✍ ✌ ✫ ✞ ✟ ✎ ✌ ☞ ✡ ✞ ✌ ✎ ✬ ✭ ☛ ✮ ☞ ✯ ✰ ✯ ✱ ✲ ✳ ✴ ✵ ✶ ✷ ✸ ✯ ✲ ✹ ✴ ✲ ✵ ✺ ✸ ✻ ✏ ✡ ✌ ✮ ✏ ✸ ✺ ✼ ✬ ✎ ✮ ✵ ✺ ✸ ✻ ✷
✽ ✾ ✿ ✾ ❀ ✾ ❁ ❂ ✾ ❃
❄
✸ ❅ ❆ ✮ ❇ ✭ ✡ ✎ ❈ ❉ ❈ ✹ ✫ ✷ ❊ ❋ ✫ ✮ ❇ ✍ ❇ ❈ ✼ ✟ ✫ ✡ ✎ ✎ ✮ ❇ ● ✬ ✌ ✌ ✮ ✎ ☛ ✮ ☞ ❍ ✳ ✎ ✍ ■ ✮ ☞ ❇ ✍ ✌ ❏ ❈ ● ✮ ☞ ✭ ✡ ✎ ❏ ❈ ✵ ✺ ✸ ✵
❄
✵ ❅ ❑ ✍ ✭ ✭ ✡ ✌ ■ ✡ ▲ ✍ ☞ ✡ ✌ ❈ ▼ ✷ ❈ ❑ ✍ ✭ ✭ ✡ ✌ ■ ✡ ▲ ✍ ☞ ✡ ✌ ❈ ◆ ✷ ❈ ✹ ✬ ✌ ✌ ✍ ▲ ✍ ▲ ✡ ✌ ❖ ✫ ✡ ✞ ✫ ✟ ☞ ✎ ❈ ▼ ✷ ❈ ✴ ✬ ✎ ✌ ✫ ✡ ✎ ✍ ✏ ❈ ✼ ✷ ❈ P ✎ ✡ ✎ ❈ ◗ ✷ ❑ ✷
❘ ✬ ☞ ✟ ▲ ✮ ✡ ✎ ✼ ✟ ✬ ☞ ✎ ✡ ✠ ✟ ❙ ✹ ✫ ✡ ☞ ✭ ✡ ✞ ✮ ✬ ✌ ✍ ✞ ❇ ✡ ✎ ✏ ❚ ✍ ✟ ▲ ✫ ✡ ☞ ✭ ✡ ✞ ✮ ✬ ✌ ✍ ✞ ❇ ✯ ✶ ❈ ✯ ❯ ✺ ❱ ✯ ❯ ❲ ❈ ✵ ✺ ✺ ✶
❄
✱ ❅ ❳ ✬ ❇ ❇ ✍ ❈ ❚ ❨ ▼ ✬ ✮ ❇ ❇ ❈ ❩ ✷ ● ✷ ❊ ☞ ✬ ❍ ❊ ✮ ■ ✮ ✠ ✟ ▲ ✭ ✮ ✎ ✌ ❨ ❬ ✎ ✏ ✬ ❇ ✌ ☞ ✍ ✡ ✠ ✹ ✫ ✡ ☞ ✭ ✡ ✞ ❏ ✱ ✵ ❭ ✻ ❪ ❈ ✻ ✺ ✱ ❫ ✻ ✸ ✵ ❈ ✵ ✺ ✺ ✯ ✷
❄
✻ ❅ ❑ ✍ ✭ ✭ ✡ ✌ ■ ✡ ▲ ✍ ☞ ✡ ✌ ❈ ▼ ✷ ❈ ✴ ✬ ✎ ✌ ✡ ✫ ✍ ✏ ❈ ✼ ✷ ❈ P ✎ ✡ ✎ ❈ ◗ ✷ ❑ ❈ ✹ ✫ ✡ ☞ ✭ ✡ ✞ ✮ ✬ ✌ ✍ ✞ ✡ ✠ ❊ ✮ ■ ✮ ✠ ✟ ▲ ✭ ✮ ✎ ✌ ❨ ❋ ✮ ✞ ✫ ✎ ✟ ✠ ✟ ❍ ❏ ✸ ✺ ❈ ✻ ✸ ❱
✻ ✯ ❈ ✵ ✺ ✺ ✰ ✷
❄
✰ ❅ ▼ ▲ ✮ ✞ ✫ ✌ ❈ ❴ ✷ ❈ ▼ ✡ ✬ ❍ ✮ ❇ ✌ ✡ ✏ ❈ ◗ ✷ ❈ ❩ ✡ ✡ ✠ ✮ ☞ ❈ ❋ ✷ ❈ ◗ ✍ ✠ ✠ ✮ ☞ ❈ ❚ ✷ ❩ ✷ ❈ ✹ ✫ ✡ ☞ ✭ ✡ ✞ ✮ ✬ ✌ ✍ ✞ ✡ ✠ ❋ ✮ ✞ ✫ ✎ ✟ ✠ ✟ ❍ ❏ ✸ ✺ ❈ ✵ ✺ ❱ ✵ ❲ ❈
✸ ❯ ❯ ❲ ✷
❄
✯ ❅ P ✎ ✡ ✎ ❈ ◗ ✷ ❑ ✷ ❈ ✴ ✬ ✎ ✌ ✫ ✡ ✎ ✍ ✏ ❈ ✼ ✷ ❈ ❑ ✍ ✭ ✭ ✡ ✌ ■ ✡ ▲ ✍ ☞ ✡ ✌ ❈ ▼ ✷ ✼ ✟ ✬ ☞ ✎ ✡ ✠ ✟ ❙ P ❍ ☞ ✍ ✞ ✬ ✠ ✌ ✬ ☞ ✡ ✠ ✡ ✎ ✏ ❴ ✟ ✟ ✏ ◆ ✫ ✮ ✭ ✍ ❇ ✌ ☞ ❏ ✷ ✰ ❲ ❈
✸ ✵ ❯ ✱ ✻ ❫ ✸ ✵ ❯ ✻ ✺ ❈ ✵ ✺ ✸ ✺ ✷
❄
✶ ❅ ❚ ☞ ✍ ✌ ✍ ❇ ✫ ▼ ✌ ✡ ✎ ✏ ✡ ☞ ✏ ❭ ❚ ▼ ✵ ✶ ❲ ✵ ❫ ❲ ❵ ◗ ✮ ✌ ✫ ✟ ✏ ❲ ✵ ✺ P ❪ ✷ ◗ ✮ ✌ ✫ ✟ ✏ ✟ ❙ ✌ ✮ ❇ ✌ ✍ ✎ ❍ ✹ ✠ ✡ ❇ ✌ ✍ ✞ ❇ ▲ ✡ ☞ ✌ ❲ ❈ ✸ ❯ ❯ ✯ ✷
❄
❲ ❅ ❘ ❛ ✬ ✍ ✠ ✍ ☛ ☞ ✍ ✬ ✭ ☞ ✮ ✠ ✡ ✌ ✍ ■ ✮ ✫ ✬ ✭ ✍ ✏ ✌ ❏ ✡ ✌ ❜ ❝ ❝ ❞ ❡ ❢ ❢ ❣ ❣ ❣ ❤ ✐ ❥ ❦ ❧ ♠ ❤ ♥ ✐ ❥ ❢ ❝ ❦ ❥ ❞ ❦ ♦ ♠ ❝ ♣ ♦ ❦ ❢ q ❢ ❞ r s ❢ q t ✉ ✈ ❤ ❞ r s
❄
❯ ❅ ❊ ✮ ☞ ☞ ❏ ✼ ❈ ◗ ✡ ❇ ✌ ✮ ☞ ❋ ✫ ✮ ❇ ✍ ❇ ❈ ✳ ✎ ✍ ■ ✮ ☞ ❇ ✍ ✌ ❏ ✟ ❙ ❆ ❇ ✠ ✟ ❈ ✴ ✟ ☞
✪
✮ ❍ ✍ ✡ ❈ ✵ ✺ ✸ ✵
❄
✸ ✺ ❅ ✇ ✫ ✡ ✍ ☞ ✬ ✏ ✏ ✍ ✎ ❈ ✹ ✫ ✷ ❊ ❋ ✫ ✮ ❇ ✍ ❇ ❈ ▼ ✫ ✮ ❙ ❙ ✍ ✮ ✠ ✏ ① ✡ ✠ ✠ ✡ ✭ ✳ ✎ ✍ ■ ✮ ☞ ❇ ✍ ✌ ❏ ❈ ✳ ✇ ❈ ✵ ✺ ✸ ✵
10th Joint Conference on Chemistry IOP Publishing
IOP Conf. Series: Materials Science and Engineering 107 (2016) 012066 doi:10.1088/1757-899X/107/1/012066
②
